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(57) Abstract 



The invention provides compounds of fonnula (I) or a pharmaceutically acceptable sah thereof, wherein [Dl is the residue 
of a drug having a reacuve functional group, said functional group bong attached. diiecUy or through a bridging group via an 
Mygen-phosphorus bond to the phosphonis atom of the moiety (I'); R, is C.-Cg alkyi, Q-C,o aryl or €7-0,2 ar^l^I ; R, is hy- 
^Z^Tl ' u« ^"^'P ^"-^^ heteioao-l. C3-C7 cycloalkyl. CrC, cyclohcteioalkyl or CrC,, aralkyl ; and is se- 
lected from the group consisung of C-Cg alkyI; CrCj alkenyl having one or two double bonds ; (cl-C, cydoalkvIVC H, - 
wherem r is zero. one. two or three, the qrdoalkyl portion being unsubstituted or bearing 1 or 2 C.-C. alkyl substituents on 
the nng portion; (Cfi-C.o aiiyloxy)C,.C; aDcyl; 2-. 3- or 4- pyridyl; and phenyl-QH^,- wherein r is zero. one. two or three 
and phenyl is unsubstituted. or is substituted by 1 to 3 alkyl each having 1 to 4 carbon atotns. alkoxy having 1 to 4 carbon 
atoms, halo, tnfluoromethyl, dialkylamino having 2 to 8 carbon atoms or alkanoylamino having 2 to 6 carbon atoms The 
compounds are adapted for targered drug delivery, especially to the brain. 
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TARGETED DRUG DELIVERY VIA 
PHOSPHONATE DERIVATTVFJg 



10 



FIELD OF THE INVENTION : 

The present invention relates lo an anionic sequestration type of 
drug modification dbsi^ied to cniiance delivery of the active drug specie 
to the desired site of actioiu especially to the brain. More espedaUy, thi 
present invention relates to the discovery that a biologically acdve 
compound coi^led to a lipophilic carrier moiety of the acyloxyalkyl 
phosphonate type readily penetrates biological membranes such as the 
biood-toain barrier (BBS) and enters the target osgani cleavage of die 
phosphonate canicr/drag entity in vivo provides a hydrophilic^ negatively 
charged intermediate which is •'locked in" die brain or odicr organ and 
which provides significant and sustained delivery of the acdve drug 
species to the target organ. 
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BACKGROUND OF THE INVENTION; 



The delivery of drug species to the brain and odier organs is often 



seriously lii 



Site*specific 
Le* targeted < 



d by transport and metabolism factors, incltiding 
membranes; spedficaliy* in the case of die brain, delivcty is lin 
die funcdonal banier of the endothelial brain capillary walL ie. 
blood-brain b 
to the brain or 
difficult 

Many drugs are hydrophilic and are unable to penetrate the btain 
to any considerable extent Other drags which are lipophilic and/or for 
which particular transport mechanisms exist may be able to cross the 
BBB and reach die brain, but die very Iqxjphilidty which enables didr 
entry likewise facilitates dieir exit It is dius necessary to administer 
large doses of drags to achieve arirqnare brain levels (if, indeed, such is 
even possible), and this in turn overburdens non-targeted loci and results 
in significant toxicity. 



It is now well-known that nomeious drugs exen their biological 

effects through centzaily^mediai^ mechanisms. Thus, a brain-cargcted 
approach is a dcsirabie means of delivery for a wide diversity of drugs, 
including neurotransmitiers, stimulants, dopaminergic agents, tranquilizers* 
anndepressants, narcodc analgesics, narconc antagonists, sedatives, 
hypnoncs, anesthetics, antiepileptics/andcdnyuisants^ hormones such as the 
male and female sex hormones, pepddes, and-inflamznaiory steroids, non- 
steroidal and*infIammatory agents/non-narcodc analgesics, memory 
enhancers, ahdbactnials/andbiodcs, andneoplasdcs (andcancer/ahtinmxor 
agents) and andyirai agents. 

In recent years, the need for more effecdve treatment of a nuihber 
of viral disease states has become incieasingiy urgenL The generally 
poor therapeudc accessibility of viral infecdons can be traced to three 
major facets including die viral life cycle, die lack of efficacious 
pharmacologically-acdve agents and, finally, the inability to deliver those 
agents which are available to the central nervous system (CNS) for 
sustained periods and in significant amounts. 

Viruses aic submicroscopic pathogens which depend on the cellular, 
nucleic acid and protein synthesizing mechanisms of its host for 
propagadoo; In goieral, viruses iiivade cells by first interacting at a 
recognizable surface protein, penetrating the cell membrane and 
subsequendy releasing themselves from a protecdve polypepdde coat to 
eject the core of die virus. The heart of these pathogens is genetic 
mi ^T«^Wai, eidier DNA or RNA, and die type of nucleic acid gives rise to 
the system of nonienclature for these enddes. The viral DNA and RNA 
can interact with cellular components to produce daughter genetic material 
as well as various structural or enzymadc proteins. After assembly and 

* • • . ' ■ * 

release, the viral progeny inay infect other cells, yielding disease or 
uldmaieiy death. 

DNA viruses are subdivided into five families and include die 
padiogens responsible for labial and genital herpes, herpes encephalitis, 
human cytomegalovirus infecuon, chicken pox, shingles and mononu- 
cleosis. RNA viruses are present in more numerous forms and are 
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subdivided ioto ten famiKr^ . These viruses are unusual in tiiat they 
revdse the usual DNA RNA -> protein sequence which occurs in higher 

life fonns. RNA viruses are unusually dangerous for several reasons, 
including their lethality, and the lack of effective treatments RNA viral 
5 diseases include acquired inunune deficiency syndrome, hcmotrhagic 

feven of various descriptions. Dengue fcver,.Lassa fever, and numerous 
cncephaliric maladies including J^anese B encephalitis. 

Cherootheiapeuneally, very few andviral agents have been 
developed that have high in viro activity against these viruses. One 
10 notable advance in die field was the advent of ribavirin or 1-B-D- 

ribofuranosyl-l,2,4.ttia2ote-3saffb6xamide, syndiesized m 1972. Ribavirin 
has a broad range of activity against bodi DNA and RNA viruses. This 
riboside, which contains an unnatural triazole base, significantly 
suppresses die infcctivity and cytopariiiciiy of several viral pathogens by 
15 mechanisms which are as of yet unclear. Several interacdons have been 
suggested including inhibition of viral RNA poiymaase, the inhibition of 
inosinc monophosphate dehydrogenase by ribavirin anabolites and 
interference of mRNA cap foimanon by the S'-iriphosphaie of ribavirin. 

Ribavirin is active against several influenza vixuses and icspiiatoiy 
syncytial virus and as such is used in an aerosol fom to treat tiiese 
diseases. Ribavirin is also used in die treatment of Lassa fever which 
rages in epidemic proporrions in Sierra Leone. Unfomuiately, while 
peripheral viral infections can be successfully treated widi ribavirin and 
otiier riboside derivatives, encephalitis is immune to die action of tiiese 
25 dregs. The inability of antiviral drugs, which are highly potent m visa, 
to exen activity in the CNS is attributable to dieir exchision fiom the 
brain. The basis of this in^iernoability is the blood-brain barrier (BBB). 
which effectively xpanues die systemic circulation fiom die bnin 
parenchyma. As tins barrier is lipoidal in namre, die BBB restricts die 
30 entry of materials which do not have high afBnity for die phospholipid 

matrix and consequendy hydropWlic compounds are wtcluded. ITuis, drag 
molecules must be intrinsically Upophilic if diey are to gain access to die 
CNS. This is dw restriction which renders ribavirin, which has a log P 



of only 2.06, ineffective in treating viral diseases of the brain. 

Many antiheipetic agents exhibit poor penetration across biological 
baniers such as the BBB and the ocular and skin bacriers, achieving 
concentrations well below ther^udc levels. Improved delivery of an 
antiheipetic ageiit across these banieis would offer a significant advantage 
in the creatnient of such sehous and debilitadng diseases as encephalitis, 
ophthalmic infections caused by herpes simplex such as hexpetic uveites, 
kerantis etc. and cutaneous herpes, infecdons such as genital and orofacial 
herpes. 

Vidazabino (9rp-D-arabinofuranosyladenine« Aia-A, adraine 
arabinoside) is a purine nucleoside analog with a broad spectrum of 
annviral acdvity gainst a number of DNA viruses, including HSV-1 and 
2, cytomegalovirus, and varicella zoster virus. The drug has been shown 
useful in the treatment of brain biopsy-proven herpes simplex enc^halids 
(HSE), resulting in a statisdcally significant reducdon in mortality. Ara- 
A has demonstra^ clinical utility as a topical agent for herpes keradtis 
of the eye. However, when applied locally to die skin^ vidarabine has 
provided no benefit in genital or ora&cial HSV infection. In 
immunocompromised padents with bcalxzed herpes zoster, Ara-A has 
demonstrated a bcineficial efifea in accelerating cutaneous healing and 
decreasing the rate of cutaneous dissemination. 

The essendai mechanism of inhibition of viral replication by 
vidarabine, although not ptecisely defined, appears to be a conscquoxce of 
the incorporadon of the drug into virai DNA. To exen its andviial 
action, vidaxabine niust first be phosphcxylated by cellular enzymes to the 
triphosphate, whidi conq)eddvely inhibits HSV DNA polymerase. Some 
invesdgacors have found that the viral DNA polymerase acttvi^ is matt 
sensidve to inbibidon than that of cellular DNA polymerases, an 
observadon that could explain some of the selective toxicity of the dmg 
and its dose*related toxicity*. Yidarabixie triphosphate is incorporated imo 
both cellular and viral DNA, wtexe it may aa as a chain twnnrwiiarnr for 
newly syndiesized HSV nucleic add. 

I^^^i^ Ppyc^^ efficacy, Ara-A does suffer from a number of 
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linriiaiions. including low lipophiHciry as evidenced by a negative bg P 
(octanol/waier), whicii results in a Mure to be adeqoately inmsponed 
across biological membranes. 

Herpes simplex virus is a causative factor for encephaJiris. Its 

involvement in the CNS represents die most common cause of 
nonepidemic fatal encephalitis in die United States. An estimated 1.1 
to 5.000 cases occur each year in die wirii dead, in over one half of 
dK,se who are untreated. Hopes simplex virus type 2 causes encephaUris 
in patients widi diymic dyplasia and other severe immimodeficiency states. 
Encephalitis also is a common opponunisric infection associated widi 
AIDS. 

The acute severe encephaUris due to heipes simplex type 1 in 
humans may represent a primary infection, a reinfection or an activation 
of latent infection. Hie primary mode of viral transpon into die CNS has 
not been dearly established. However, it has been shown diat following 
extraneural inoculation, die virus gained access to die CNS by bodi 
hematogenous and neural pathways. The neural padiway of tnmsport in 
tnan is supported by die fact dat die virus can be isoiared tern explants 
of bodi trigeminal ganglia in die majoiity of routine autopsies. 

Herpes simplex encephalitis is die most common cause of spoiadic 
fatal encephalitis. Bodi d« high momdhy nuc and die risk of severe 
sequelae in die survivor have prompted aoemps at tfierapy widi antiviral 
compounds. In order for die antiencephaliric agent to exeit its efect, it 
is necessary for die drug to be present in d» CNS where d» virus is 
lodged, at an optimum concenirarion and for a sufficient peiiod of time. 
Maintaining a dierapcuric level of die dmg over a piotonged peiiod at die 
site of action is essential in optimal reduction of viral concentrations. 
Resistance of virus in die brain after neaiment has been reponed in 
almost all of die cases snidied so fer. Only vciy rarely has total 
remission been achieved. 

The main reason for die lack of success&I treatment is die 
insfficiem mediod of drug deUveiy to die brain, die major impediment to 
drug delivery to die brain being die blood-brain hairier. Anriviiai agents 



such as iododeoxyuridine and vidaiabine exhibit litde acdvity and high 
toxicity in the treatment of encephalitis. This is primarily due to their 
inability to cross . the blood-brain barrier at optimum concentradons. In 
the case of other andvirals such as acyclovir, drug resistance has been 
observed To overcome such problems, a new family of fluorinated 
nucleoside analogs has been synthesized. This fiuxuly includes 1*(2'- 
deoxy-2'-fluoro-j}*D*arabinofuranosyl) dcrivadves of 5*methyiuracil 
(FMAU)» 3-iodocytosine (FIAC) and S-iodouradl (FIAU). FIAtT is a 
metabolite of HAC These compounds have been shown to display 
significant antiviral acdvity against herpes vmises in vitro and in some in 
vivo experiments; The miechanism of andviial acdvity depends in pan on 
the phosphorylanon of these agents by viral-specified thymidine kinase. 
These agents are r^idly taken up and phosphorylated only to die 5'- 
monophosphate in HSY'^infiected cells; the monophosphates are presumably 
further phosphorylated by cellular enzymes to the corresponding 
triphosphates. Phosphoryladon of these agents by the virus-coded 
thymidine kinase is much better than by the cellular en^mes. These 
andviral agents arc incorporated into tcrmizn and intcmucleoside linkages 
of viral DNA much more than into the DNA of uninfected cells. Since 
maximum selectivity woidd improve the therapeudc potential of any new 
andviral drug, reladvely low toxicity with notmal cells is mandatory. The 
low cytotoxicity exhibited by these agents with mdn^ted cells indicate 
selecdvity of acdon. 

Although these nucleoside analogs exhibit high selecdvity toward 
viral cells, they are quite polar and therefore their ability to penetrate the 
BBB is gready nunimized. They must be admiiustered in high doses to 
attain an effecdve level in the brain, resuldng in severely toxic side- 
effects. For example, FMAU, considered the most potent andviral agent 
of its class (therapeudc index greater than 3,000) in treating encephalitis, 
produces irreversible neurological dainagc at doses greater than 32 mg; 
other side effects include diarrhea, nausea and blood count depression. 
High doses of FIAU have resulted in cardiac fibrosis, myebsuppression 
and lymphoid depledon. In die case of FIAC and FMAU, significant 



reduction in body weight or death has also been noted at higher doses. 
Further, sustained therapcudc levels have not been achieved, even at these 
higher doses. 

It is known that FIAC is metabolized extensively in vivo and that 
its metabolites retain their andviial acdvity in cell culture. The major 
metabolites of FIAC include the deaminaied ^species FIAU, the 
deiodinated species 2^-fluoroarbinosylcytosine (FAC) and 2^- 
fiuoroarabinosyliiracil (FAU) and their glucuronides. Two metabolites of 
FMAU have been isolated from the uxine of m icg. Tliese in^ind *-^ 2'- 
fluoio-5-hydroxymethylarabinosyluracil (FHMAU) and a giucmonide of 
FMAU. FMAU, FIAU and FIAC have been found to exhibit more potent 
annviral acdvity than acyclovir. The metabolites of these conq>ounds, 
even though potent inhibitors of HSV*2 in ceil coltures, axe essentially 
devoid of antiviral acdvity in vivo in the encephalitis modeL This 
dichotomy between in viro activity and in vivo acdvity suggests that 
these agents do not cxoss the BBB in sufBciem concentration to exeit 
acdvity. 

(E)-S*(2-broinovinyi)deoxyuxidin6 (BVDU) is also a polar antiviral 
agent effecdve against encephalids caused by herpes zoster virus and 
HSV-1. This agent crosses the BBB in low levels only at very high 
concentranons; as a tesulu it has been shown to induce sister cfazomatid 
exchange. Odier side-e£fects include toxicity to liver, bone mazrow 
funcdon and gonads. 

Dihydn>xypiDpoxyme±ylgaunine (DHPG) belongs to the same 
class of annviral agents as acyclovir. However, DHPG has been shown 
to be at least 100-fold nuHe effecdve than acyclovir in the treatment of 
encephalids in vitro and in vivo. DHPG is more efficiendy 
phosphorylated in infected cells than is acyclovir. As with acyclovir, 
herpes virus*specific diymidine kinase phosphorylates DHPG to its 
monophosphate, which is fuidier phosphorylated to its di- and triphosphate 
by cellular guanylate kinase and other cellular enzymes, respecdvciy. 
However, DHPG is transported to the brain only at high doses, which in 
turn produce high plasma levels of the drug which exert cytotoxic effects 
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on normal human myeloid cells* Studies have shown that acyclovir 
crosses the BBB -poorly, and at higher doses causes problems such as 
renal blockage: 

Human cytomegalovirus (HCMV) is a virus of the herpes group 
5 which includes herpes simplex I and n, Epstein-Bair vims, and varicella 
zoster virus. In common with the other members of its group, infecdon 
widi HCMV leads to . a latent sjtaie in which the virai genome becomes 
incarporamd in ±c host DNA, and in which rcconcnt mfecdons are 
common. Viral infKtion with HCMV is quite widespread, with 

10 approximately 50% of Americans showing seroposidvity by age 30. In 
the Qoajority Cff cases the virus does not cause an oven disease state, but 
can be detected through serological and other laboratory pnxredures in 
otherwise healthy individuals. In the absence of complicating . factorst ' 
exposure to the yirus can result in a clinicai presezuation ranging from 

15 asympiomadc serpconversion to a disease state resembling in&cuous 
mononucleosis. 

In contrast to viral infection in normal adults, HCMV in the fetus 

♦ 

or neonate can result in severe clinical manifestations. The virus in these 
cases is acquired congenitally, often from asymptomatic mothers. The 

20 virus has been said to be the single most frequent cause of viral 

infections in newborns. The occonence of HCMV in neonates is from 
QS% to 4% of all live births, but only 10% to 20% of dtese will have 
clinical manifestanons of cytomegalic disease, which mainly involve the 
CNS and which can result in permanent, debilitating brain damage or 

25 auditory degeneration. 

When the Ijtost inmiune system is suppressed, HCMV becomes a 
much more serious infective agent. In this state, a latmt HCMV 
infecdon may recur, or a primary infection tnay be unusually severe. 
Immunosuppression can occur in several circumstances, for example, 

30 during use of immunosuppressive drugs, such as corticostBroids, 

azathibprine, and thymocyte momune globulin which are givexi to prevent 
rejecdon of a transplanted organ when a patient has undergone organ 
transplant surgery. Along with other complicanons, cymmegaiic disease 
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is a conimon and sonjerimcs especially serious problem which can folbw 
successful kidney i bone mairow, and hcan transplantation. The 
manifestarions of cytomegalic disease following tran^lant surgeiy can 
include, but are not limited to, rednitis and pneumonids. Anodier 
pardcularly serious complication occuning during immunosuppressive 
dierapy is Kaposi's sarcoma (KS). A strong cotieiarion is Icsown to exist 
between KS and HCMV, to die ex«nt d>at it has bran postulated diat 
HGMV causes KS. analogously to die rdadonshq) between Epstein-Bair 
virus and Burida's lymphoma. However, a causal role for die vims has 
not been definitively established. 

An immunosuppressed state is die hallmark of acquired 
immunodeficiency syndrome (AIDS), and HCMV has been shown to have 
an excraordinaiy prevalence in diis population, approaching 94%. In 
addidon, cyiomegaUc disease and its complicadons are among die primary 
causes of much of die suffering from AIDS as well as a major factor 
causing deadj. HCMV is known to result in a siqiptessitm of cell- 
mediated immunity dnough dqnession of levels of T>helper cells widi an 
increase in suppressoi/cytotoxic T-ceils. Before die discovery of i»tm«« 
immunodeficiency virus (HIV), die list of candidates for die cause of 
AIDS included HCMV. The consequences of HCMV infection in AIDS 
are manifold, widi neural and espedafly ocular involvement being 

prcdominant Ocular involvement is presented as a bcmorriiagic redniris. 
first evidenced by blmring of vision. This rednids is so common diat it 
has been proposed diat it be die primary diagnosric evidence for die 
presence of AIDS. Neural involvement resulting in vital encephalitis is 
also common and presents itself post-monem in die microglial nodules 
which are typical of HCMV infection. In AIDS, diis neural involvement 
is concomitant widi HIV infection of die CNS. often manifesting as 
subacute encephalopathy. 

An antiviral agent which has shown promise in die neaanent of 
in unmunosuppressed states is DHPG. As mentioned 
?bove, DHPG is strucmrally similar to acyclovir (ACV), a safe and 
efficacious anriherpetic agent The primary mechanism of DHPG action 
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against CMV is inhibition of the replication of viral DNA by DHPG- 
triphosphate. This inhibition includes a selective and potent inhibidon of 
the viral DNA polymerase. Since HCMV does not encode a virus- 
specific thymidine kinase, phosphorylation of DHPG is presumably 
accomplished by. the host-cell enzymes, primarily various nucleoside 
kinases, which have been shown to be elevated in HCMV^infiected cells. 
The markedly increased activity of DHPG toward CMV compared with 
ACV appears to be due in pan to the efficient intracellular metabolism of 
DHPG to its mono and triphosphate in CMV-infected ceils. The reladve 
in viaro acdvities;. as ineasured by the IC50 values of DHPG vs ACV are 
of the same oxder against herpes simplex virus (HSV), namely 0.2 to 0.8 
^M. However, against HCMV die IC5Q for DHPG is approximately 2L5 
^iM. Thus, DHPG has significant acdvity against HCMV in vitro. These 
promising results have been extended in animal models as well as in 
clinical trials. 

As mennpned above, one of the first clinical signs of AIDS 
infecdon is a retinitis which is caused by HCMV. One of the most 
dramadc recent clinical demonstranons of andviral acnvity has been in a 
smdy of the effects of intravenous DHPG in AIDS padents who were 

suffering from p^gressive blindness caused by cytomegalic infecdon of 

" • • • . 

the redna. In these patients, not only did viral titers drop to an 
unobservable level, but clinically observable in^vement in sight was 
achieved. In odier studies, significant inqvovement in odser areas of 
cytomegalic infecdon was shown. These included improvement in die 
cymmegalic, pneumonitis and encephalitis, as well as gastrointestinal 
infecdons. 

DHPG, obviously, has very high intrinsic acdvity but, as with most 
useful drugs, has a number of inherent undesirable properties as welL 
Problems with the^ aqueous solubili^ of the c(KX^)Ound (S.l mg/mL at 
37*^0 necessitate die use of the sodium salt for the intravenous 
adminisuanon of the drug. This induces pain or phlebitis at the infusion 
site, since die pH of the solution is about U. In humans, oral 
bioavailability of DHPG is only 3-4.6% based on urinary excredon, with. 
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99% of the drug being excreted unchanged by the Iddneys. The 
pfaaraiacoidnedc disposition of intravenous DHPG in hiimgn ir is amU^ r to 
that observed in rats and dogs, with the finding of a biphasic eliminadon 
with an a-phase half-life of 0.23 houn and a p-phase of 2^3 hours. 
5 These values arc quite similar to those for acyclovir, and show that 

repeated dosing is necessary to maintain effective plasma concennadon. 
Neutropenia is the most frequent dose-dependent toxiciqr a««nfiaif{j 
DHPG dierapy. 

DHPG is a hydroxymethyl analog of acyclovir and consequendy is 
more polar and is expected to pass dirough die blood brain batricr (BBB) 
even less readily. In rodent models, it has been shown that acyclovir 
disffibutcs into most organs, with the highest levels found in icnal tissue 
and the lowest levels found in brain tissue. Phamacoidnetic studies of 
DHPG in the lat and dog have denaonstrated behaviour similar to 
15 acyclovir. Human pharmacokinetics of intravenous DHPG indicate 

cecebrospinal fluid (CSF) concentrations equivalent to 24% to 67% of 
plasma concentrations. However, since CSF levels may leflca transport 
through the choroid plexns. some uncenainty legazding roecific brain 
levels of DHPG exists. Regardless of the cfBdency widi which DHPG 

crosses the BBB, however, it is to be expcciBd diat it may leave die CNS 
by die same mechanism widi equal fadHiy. la view of the significant 

role played by CMV in AIDS patients with seycie neuidtogic 
complications, and die possibility tiiat CMV could create a reservoir of 
persistent infection of die CNS even if peripheial deaiance were realized, 
diere exists a rationale for identifying antiviral drags that can penetrate 
die BBB and accumulate in die brain, thereby providing a sustained 
release of the antiviral to maintain a dier^otically effective 



20 



30 



concentration. 

Acquired immune deficiency syndrome (AIDS) was first described 
as a distinct clinical entity in 1981. As of October 1989, 110,000 cases 
of AIDS, as defined by die Center for Disease Control (CDQ, have been 
diagnosed and 65,000 people have died &om die disease. TTiis insidious 
and pernicious malady has a 2-3 year fatality rate of almost 100% and is 



expected CO snikB between 135,000 and 270»000 people by 1991 alone. 
AIDS is now die. leading cause of premature tnortality in a number of 
areas and in sevpral subpopularions in the US; by 1991, it is expected to 
be a major killef. In other areas of the world, a similarly grim picture is 
developing. In central Africa, where the ADDS pathogen evolved, the 
disease is endemic and in several iocadoas the increase in incidence of 
infecdon exceeds 0.75% of the total populadon per year. AIDS is caused 
by a retrovirus related to the lendvirinae femily and has been designated 
human immunodbfidency virus (HIV*1). This pathogen selecdveiy infects 
lymphocytes bearing a T4 surface anugen. These hdpo^i^nducer T-ceils 
are responsible fior containing and eliminating various types of infecdon 
including those precipitated by Pneumocvsris carinii. Toxoplasma gondii, 
Crvptococcus neoformans, Candida albicans. Mvcobacterium avium- 
intracellular and others. The destruction of cellular immunity induced by 

HIV-1 causes the noiihally benign infecnons resulting from die above* 
mexuioned pathogens to run more fulminate courses. These oppormiustic 
infecnons are generally die causes of death in padents with AIDS. 

Eady in the course of the AIDS epidemic, clinicians noted diat 
patients were depressed and irutialiy this was attributed to a normal 
psychological respoiise to learning that one had a terminal disease. Later, 
however, it was realized tliat cogiudve impairment and dementia were 
associated with AIDS. These CNS-assodated symptoms of AIDS are 
now well-recognized and a£fect 40% of all AIDS padents at some point 
in the course of the disease. 

In AIDS, the CNS, like die periphery, is suscepdble to 
opponunisdc infecnons and unusual neoplasms. Several of these have 
been idenrified, including cerebral toxoplasmosis, cryptococcal infecdon, 
candidiasis, cerebrsd tuberculosis, progressive multifocal leuico- 
encephalopathy, cytomegalovirus encephalitis and primary brain 

* • • • - • . 

lymphonuis. Ititerestin^y, these occur in less than 30% of neurologically* 
impaired AIDS janents. In addition, symptoms C32sed by diese 
pathogens are generally focal in nature and are expressed as seizures. In 
the majority of AIDS padents, neuropsychiatric changes are characterized 
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as an insidious, progressive demeniia related to diffuse parenchynjal brain 
dysfunoioa Eaiiy sympwas of this disease include impaired cognitive, 
motor and behavior funcnons, including the inability to concentrate, 
difBculty in recalling recent events, losing one's tndn of thought in 

udscntcncc and ^»iexal mental slowing. Motor iiiq>aiiinents include leg 
weakness and ptoUems in proprioception. Behaviorally, victims bo»mc 
apathetic, withdrawn and disnaughL Later symptoms include global 
cognitive dysfunction with psydiomotor retardation. Vicnms ate autistic, 
mute, lediargic and quietiy confused. Patients manifest urinary and fecal 
incontinence and noay be afflicted by painful peripheral neuropathies 
including burning sensations or numbness. NeorohisKipatiiologicaUy^ the 
picnire is even worse. While only 40% of AIDS patients are recognized 
as demonstrating brain dysfimcrion, 80-95% of die biains from AIDS 
patients are abnormal at aumpsy. Gross changes indude decreased brain 
weight and general cerebral atrophy, ifistopadiologically, seveial unique 
abnoraaalities are consistently seen in demented AIDS patients. Most of 
these are wMte maser changes and include a diffuse palkr, perivascular 
and parenchymal sites diat contain lymphocytic and maocphage infilixates 
and vacuolarion. Other changes include die presence of mkroglial 
nodules whic infect bodi gray and white matter and bizarre giant 
multinucleated cells. The ptesence and number of these cells which 
contain HIV-1 vinms give excellent conelation widi die seveiity of die 
dementia. TTie agem leqxHisible for subacute encephalitis, also known as 
AIDS encephalopatfay, has been shown to be HIV-1. Seveial direct and 
indirea lines of evideiice support this etiology. 

Uns oentTBl infection will have a detrimental impaa on possiUe 
dwapies directed at AIDS. The CNS is protected by die BBB and is not 
drained by die lyn^ihatic system, making it an excellent location for 
eluding die mmume system. If, dterefiirB. agents are found diat 
reconstitute the immnne systan, pctq)heral tnanifestaticm of AIDS, 
including many, opponunistic infections, can be cured but die central 
infection wiU pctsisL The resuk of dus could be a physically hcaUhy but 
severely demented individual. In addition, host-cell restriction, i^ partial 
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expression of the viral genome v may cause viral latency in the CNS for 
many years. Also* once proviral DNA is incorporated, the only hcipe of 
containing the disease is by preventing the sptead of further cellular 
infecdon. This implies, based on acuve in vitro doses, that for andvirai 
therapies to be efS^ctiye, agents must pass the BBB and achieve reiadvely 
high sustained levels in neural dssue. The nemotjopic nature of HIV-1 
and the fact that the brain probably acts as a viral reservoir makes 
implementing the preceding statetnent in^eradve. Of agents pzesendy 
available, azidodiymidine (also known as zidovudine or AZT) has been 
clinically shown to. be .the most useful in midgating the e£feas of die 
AIDS virus. AZT inhibits retroviral oanscriptase, the enzyme responsible 
for inidatiiig viral replication. 

AZT has been shown to improve the inmumological picture in 
AIDS padents. In various clinical studies, T-cell lymphocytes (T40 were 
shown to increase in number, opponunisdc infecdons spontaneously 
disappeared, and padents gained weight due to increased appedtc. Also, 
fever subsided and skixi bypersensidvity returned. At high doses of AZT, 
viremia disappeared and T-cell funcdon was restored The bioavailabiliQr 
is about 60%. The drug is generally well-rtolerated, but several untoward 
side effects occuned, including headache and abdominal discomfort. The 
most severe side effect was anemia, which proved to be dose-limiting in 
seveial cases. AZT has been used in large clinical trials, the results of 
which are very exciting. In a double blind study, 16 out of 137 died in 
the placebo group while only one padent out of 145 died in the AZT 
treamient group (250 mg/4 fars). T4^ lymphocytes vnsrc higher in the 
treated group and fewer, opportunistic infections occuned. As befiore, a 
reversible bone manow de^nessibn resulting in granulocytopenia, 
thrombocytopenia, etc., was observed. Recendy, dideoxyinosine has also 
been shown to be effecctve in reducing die cytopathicity and infecdvity of 
HIV in vivo. The effect of AZT on the neurological mani&stadon of 
AIDS has been repotted by Yarchoan et al. Lancet, i, 132 (1987). In a 
series of four case reports^ AZT was shown to improve immunobgical 
and neurologic funcnoxung. T4'^ cells increased in number, motor 
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symptoms improved gait became less ataxic and muscle sirength ictumcd 
Attention span increased in one case and verbal skills in^sioved 
Unfonunaiely. when the drug was stopped in cases of anftrnfa all 
improvements disappeared and mental function declined. This initial 
5 rcpon indicated diat AZT can at least partially rcvcise neurological 

dysfunction, the audiors noted at the end of the paper that "even modest 
enhancement of BBB penetration might have very important clinical 
consequences". 

These Umited improvements in neurological symptomatology are 
10 consistent widi die similarly limited ability of A2T to pass into the CSR 
Unfortunately, CSF levels of a drug niay be a poor inriiV^^t i CT i of brain 
tissue levels. Several smdies have shown that the condadon between 
CSF and parenchyma concentrations are not necessarily significant In 
general, polar compounds such as AZT are dte most deceptive in this 
15 respect. The reason for this is diat if a hydiophilic coiXQXiuiid is taken up 
primarily via an unprotected area like die choroid plexus, detectable 
concenirauons may indeed reach die CSF biit die confound may not 
parndon into the lipoidal brain paiencfayina and as a lesult may be 
restriacd to die CSF. Tins would be manifested by appaiendy adequate 
AZT levels as measured by CSF sampling but inarf^g ^fa tf levels in brain 
tissue where die drug is needed. This assumption has been borne out in 
a recent paper by Tcrasaki ct al X M Pis., 158. 63Q (IQRRY In it die. 
BBB penettation of AZT was shown to be very low, close to the uptake 
of sucrtise, a vascular marker. The high concentrations of AZT found in 
CSF are presumably due to active transport of AZT at die choroid plexus 
via die diymidine pump. Again, diese CSF levels represent AZT which 
is not in equilibrium with die brain interstitial fluid and tiierrfoie is not 
accessible to infected sites. It is clear diat high levels of AZT are 
required to provide even marginal improvement in AIDS encephalopadiy 
30 and that these doses are peripherally toxic. 

The previous discussion has indicated that the AIDS virus is 
neurotropic and diat die resulting brain infection by dus padiogen is 
disastrous. Various agents have been identified which inhibit infection 
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and abolish cyiopathoiogy in the AIDS virus. In some instances these 
compounds, like jA2T, pass the BBB and achieve quandtanve levels in 
CSF. CJinical results suggest, however, that high sustained drug levels, 
i.e. those that approach in vitro inhibitory concentradons, are required in 
the brain, hnporontly, CSF levels do not reflect brain tissue 
concentration of AZT. Unfortunately, singly increasing die dose 
proportionally to. achieve these ends increases blood concentrations and 
leads to various doise-ielated toxicities* Anemia has proved to be dose- 
Umiting in many j^ases with A27r. Increasing brain levels of the 
nucleoside is possible by adnunistering lipophilic esters of AZT leading to 
an increase, in brain concentration of the nucleoside. These prodrugs are, 
however, not ooiinnzed in terms of pharmacokinetics and tissue 
distribution. Thus, while it is true that by increasing the lipophilidty of 
AZT, the drug will more easily pass die BBB and enter the QfS, the 
increased lipophil^:ity will increase the distribution of the conqwund in 
general, leading tQ an even greater tissue burden in all locations. Tlus 
has ramifications in terms of peripheral toxid^ such as anemia, i.e. a bad 
situation is made even worse. The other m^'or drawback of simply 
increasing the lippphilidty. of AZI is that while influx to the CNS is 
increased, the efflux is also greater, with the result being poor retention in 
the CNS and a therapeutically insufSdent biological half-life. These two 
objections to simple antiviral prodrugs, namely: 1) increased tissue 
burden with litde. tissue specificity, and 2) poor CNS retention, point to 
the need for a moire sophisticated approach, ie. a chemical delivery 
system for brain-targeted drug ddivery. 

A dihydmpyridiiie >f pyridiiuinn salt redox carrier system has 
recentiy been siiccessfoUy applied to brain-targeted delivery of a variety 
of drug species. Generally speaking, according to that system, a 
dihydropyiidine carrier moiety is coValendy bonded to a biologically 
active compound, which derivative can enter the CNS through the blood- 
brain barrier following its systemic adminisoation. Subsequent oxidation 

, ■ ■ • ■ - 

of the dihydropyridine spedes to the conesponding pyridinium salt leads 
to delivery of the drug to the braiiL 
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More specifically, the redox earner system provides for brain- 
largctcd drug dcUvcry by means of cairier-dnigs, which in their reduced 
fonn, which is the form intended for administraiion, can be represented 
by the fonnula 

[D-DHq 

wherein [DJ is a cenoaily acting drug spcdcs and [DHQ is die reduced, 
biooxidizable. blood-brain barrier penetrating, lipoidal form of a 
dihydropyridine pyiidinium salt redox carrier. In dieir oxulized fonn. 
which is die form "locked" in die brain from which die active drug is 
ul tim a t ely released, die carrier-drugs can be represented by die fonnula 

wherein X' is the anion of a non-tpxic pharmaceutically acceptable acrid, 
[D] is a centrally acting drug species and IQCJ* is die hydrophilic, 
positively charged ionic pyridinium salt form of a dihydropyridine ^ 
pyridinium salt redox carrier. 

Various aspects of die redox carrier system have been described in 
detail ui Bodor United States Patent No. 4,479,932, issued October 30, 
1984; Bodcv Uniied States Patent No. 4^40,564, issued September 10. 
1985: Bodor et al United States Patent No. 4.61738. issued October 14, 
1986; UNIVERSITY OF FLORIDA'S fatemational Application No. 

PCrAJS83AX)72S. published under Inteznationai Publication No. 

WO83/03968 on November 24. 1983; Bodor United States Patent No. 

4,727,079. issued February 23, 1988; Bodor United States Patent No. 

4.824,850. issued Apiil 25. 1989; Bodor United States Patent No. 

4,829.070, issued May 9. 1989; Anderson et al United States Patent No. 

4.863.911. issued September S, 1989; Bodor United States Patent No. 

4,880,816, issued November 14, 1989; Bodor United States Patent No. 

4,880,921, issued November 14, 1989; Bodor United States Patent No. 

4,900.837, issued February 13. 1990; UNIVERSITY OF FLORIDA'S 

European Patent Application No. 88312016.4, published under European 

Publication No. 0327766 on August 16, 1989; UNIVERSITY OF 

FLORIDA'S European Patent Application Na 89302719.3, published 

under European Publication No. 0335545 on October 4, 1989; and 



numerous related publications. Among the redox carrier-drugs provided 
by the earlier chemical delivery system are dihydropyridine/^yridinium salt 
derivatives of dopamine, testosterone* phenytoin, GABA, valproic acid, 
tyrosine, mcthicillin, oxacillin, benzylpenicillin, cloxacillin, dicloxacillin, 
desipramine, acyclovir, irifluorodiymidine, zidovudine, hydroxy-CCNU, 
chlorambucil, tryptamine, dexamethasone, hydrocortisone, ethinyl estradiol, 
norethindrone, estradiol, ethisterone, norgestrcl, estrone, estradiol 3-methyl 
ether, estradiol benzoate, norethjmodrcl, mestranol, indoooethacin, 
naproxen, FENU, HENU, 5-FU and many odiers. 

The dihydiopyridine redox carrio* system has achieved lemaricable 
success in targeting drugs to the brain in laboratory tests. Unfommaieiy, 
the dihydropyridine-cpntaining derivanves suffer from stability problems, 
since even in the dry state they are very sensidve to oxidation as well as 
to water addition. Such problems have significandy complicated attempts 
to commercialize the system. Thus, a different carrier approach to brain* 
targeted drug delivery which would not include the inherendy unstable 
dihydropyridiiie system would be desirable. 

A phosphonaie derivative of the antiviral agent DHFG has been 

described previously by Prisbe et al, X Med. Chem. 1986. 29, 671-575. 

O 
II 

That compound, in which a -P(OR)2 is directiy attached via to 
phosphorus-carbon bond to the antiviral drug, is stniGtuially distinct froin 
the phosphonate esters to which the present invention relates. Ptisbe et 
al*s phosphonate, unlike DHPG, was not active against herpes siixq)lex 
virus types 1 and 2; however, it was reported to show mtxierate activity 
against HCMV in tissue culnirc. 

SUMMARY OF THE INVENTION; 

The presexit invention provides novel phosphonate derivatives, 
adapted for targeted drug delivery, which have the formula 
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Ri O 
I II 
O ^OCH-OCR, 

PI— a) 

5 . wherein [D] is the residue of a drug having a reactive fiincdonal group, 
said functional gZDiq> being anached, direcdy thiough a biidging group, 
via an oxygen-phosphorus bond to the phosphorus atom of the 



R^ O 
1 II 

O ^OCHOCR, 



moiety; Rj is Q-C, alkyl, Q-Qo aryl or Q-Cq aralkyl; R, is hydrogen, 
CrC alkyl. C,-C„ aryl, C-C, hetcroaryl, Cj-Q cycdoalkyU Q-C, 
cycioheceioalkyl or CrC^ aralkyl; and R, is selected from die group 
15 consisdng of Ct-Q aU^l; Q*C; alkenyl having one or two double txMids; 
(Cj-C, cycioalkyl)-Cyi2^- wherein r is zero, one, two or duee, die 
cycioalkyl portion being unsubsiituied or beating 1 or 2 Q-Q alkyl 
subsdnienis on die ring porrion; (Q-Cio aryk)xy)CrC; alkyl; 
phcnoxymcdiyl; 2-. 3- or 4-pyridyI; and pfacnyl-Cyij,- wherein r is zero. 
20 one, two or three and phenyl is unsubsdtuted or is subsdtuted by 1 to 3 
dlkyl each having 1 to 4 carbon atoms, alkoxy having 1 to 4 carbon 
atoms, halo, irifluoromcdiyl, dialkylamino having 2 to 8 carbon atoms or 
alkanoylazxiino having 2 to 6 carbon atoms. 

The invention further provides a generic method for target- 
25 enhanced delivery to the brain and other organs of a wide varieQ^ of drug 
species via die bidirectional transport of die drug species into and out of 
die organ by anionic sequestration via novel phosphonaie derivatives* 
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DETAILED DESCRIPTION OF THE INVENTinNi 

In a prefened aspect, the piesem invention provides novel 
phospiionaie denvadves of hydroxy-coniaining drugs, which dexivadves 
have the fonnula 



O 
II 

D-O-P 




Rj O 

n II 

CXM-OCR, 



R. 



(la) 



10 



wherein D-O is the lesidue of a drug having a leacdve hydnixyl 
funcdonai group, the oxygen atom of said functional group being bonded 
to the phosphoras atom of the 



15 



-P. 




moiety, and wherein R„ and R, are as defined widi formula (IX 

In another aspect, the present invention provides novel phosphonate 
dexivadves of nxocapto-containing drugs, which derivadves have the 
fomuila 
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O ^ OCR-OCR^ 
D-S-P, 




(lb) 



25 



wherein D-S- is tfae lesidoe of a drug having a reactive mercapto 
funcdonai group, the sulfur atom of said functiona) group being bonded to 
the pbosphoms atom of the 
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O 

11 

■P, 





^ 1? 

OCH-OCR, 



mbiety, and wherein R„ R, and R, arc as defined widi formula 0). 

The piesau invennon fiirdier provides novel phosphonaie 
derivatives <rf cariwxyl-coataimng drugs, which derivatives have die 
fonnula 



10 



D-C-O-Z-O-P 



CX3i,.0CR, 




(Ic) 



wherein D-C- is the residue of a drug having a reactive carboxyl 
15 fimcnonal group, die caiboxyl carbon atom of said fiiDctiooai group bi 
linked, via an -O-Z-O- bridgmg group, to die phospfaoius atom of die 



20 



1^ 
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moiety; wherein Z is -allwlenc- wherein die alkylene group contains 



1 to 3 carbon atoms and is defined as is R, widi fonnula (1); or 
wherein Z is iC,-Q cycioalkylenc in which two adjacent ring caiboa 
atoms are each.booded to a different oxygen atom in die -O-Z-O- 
bridging group; and whexem R, and R, are as defined widi formnla (I). 
Still furdier, die invouion provides novel phosphonate derivatives 
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of drugs containing imide or amide funcdonal groups, which dcrivadvcs 
have the fonnulas 




p^OCH-OCR, 

D N-CH-OP^ (M) 

V / • 



Ri O 

O Q ^OCH-OCR, 




0 and D-C-N-CH-O-P' (fc) 



o 




wherein D N- is the residue of a drag having a leacdve 

o o 

II . 

mode functionai groiq>. D-C-N- is the residue of a drag having a reactive 

andde functional group, die nitrogen arom of the imide or amide 
funcQcmai group being linked, via a -CH-O 

bridging group, to the phosphorus atcm of the 



R, O 




O ^OCH 
11 
-P 



R. 




moiety: R« is prefisrably H but may also be C,-Cr alkyl or cominned with 
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D-C-N- to fcHin a cyclic amide; and wherein the Rj groups in formulas 
(H) and (Ic), which can be the same of different, are as defined with 
fonnula (D: and R| and R, are as defined with formula (I). 
5 The present invention also provides novel pfaosphonate derivatives 

of amino-containing drugs, which derivatives, have the foixaula 



O 

O O OCHi-OCR, 

D-N-C-OCH-O-P^ (If) 



10 K K ^R, 



wherein D-N- is die residue of a drug having a reactive primary 

amino (R4=H) or secondary amino (R« = odier tiian H, but preferably C,- 
C alkyl or combined widi D-N- to fonn a cyclic secondary amine) group, 
15 the nitrogen atom of the amino ftmctional gcoap being iiiiifi»ri via a 
O 

if 

-C-O-CH-0- bridging group, to Uie phosphorus atom of the 
R^ 



O 

20 O ^OCHj-OCR, 



R. 





moiety; wherein R^ is defined as is R, widi formula (I); and wherein R, 
and R, are as defined widi formula (I). The identity of die R* group (R, 
25 = other dian H) in drugs having reactive secondary amino groups, while 
often C.-q, lower alkyl, is immaterial to die invention, since R, is of 
course pan of die drug residue itself and is left unchanged by die 
conversion to the formula (If) compound; 

More particularly, in accord widi die present invention, die 
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following defimdons are . applicable: 

The term "lipoidal*' as used here is intended to mean lipid-soluble 
or lipophilic. . . 

The tenn "drug" as used herein means any substance inicndcd for 
5 use in the diagnosis, cure, midgarion, ucaimcnt or prevention of disease 
or in the enhancement of desirable physical or mental development and 
conditions in man or animal. 

By "centrally acting" drug, drug species, active agent or compound 
as used herein^ there is of course intended any drug species or the like, a 
10 significant (usually, principal) pharmacological activity of which is CNS 
and a result of direct action in the . brain. Centrally acting drugs are 
preferred for derivation in accord with the present invendon, brain- 
largeied drug delivery faeiiig the prefcricd goal of the invendon. 

The expression "drug having a reacdve functional group" as used 
IS herein means diac die drug possesses at least one functional group which 
is capable of covalentiy bonding to the phosphorus atom in the 
phosphonate moiety* either direcdy or through a bridging group, in such a 
manner that an acdve drug species will ultimately be released at the 
desired site of action^. e.g. the brain. Such reacdve fimcnonal groups 

20 include hydroxys carboxyl, men:apto, ainino. amide and imidc fiincdons. 

The word '-hydxoxyr means an -OH function. 
The word "carboxyl" means a -COOH function. 
The word ^nercapto" means an -SH function. 
The word "atnino'* means a primary or secondary amino function, 

" ■ * ' « • 

25 i.e. -NHj or -NHR.. The secondary amino fiincdon is also represented 
herein as -NH-, particularly since the exact idcnuty of die portion of 
-NHR4 is unmatetial, R4 being a pan of die drug residue itself which is 
left unchanged by conversion of die drug to die phosphonate carrier 
system. 

30 The word "amide" means a carbamoyl (-CONH2) or snbsdniwi 

carbamoyl (-CONHRJ or a sulfamoyl (-SO^Niy o» substimted sulfamoyl 
(-SO2NHR,) fiinc^ripnal group. The -CONHR, and -SO^NHR* groups may 
also be rcpicsentt|d herein as -CONH- and -SOjNH-, respeciivcly, since 
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the identity of R, is immaterial, R. being a pan of the drug residue itself 
which is left unchanged fay conversion of the drug to the phosphonaie 
canier system. 

The word "imidc" means a functional group having die strucnire 



20 




NH 



10 that is. the snucnire which characterizes imides (i.e. compounds having a 
succinimide-type or phthaHmide-type strucnnc). 

It will be apparent from the known stnicnncs of the many drug 
species exemplified hereinbelow, that in many cases die selected drug will 
possess more dian one reacdvc functional group, and, in pairicular, dm 

15 the (irug inay contain hydroxyl or carboxyl or amino or odua- function^ 
groups in addition to die groups to which die phosphonaie carrier wiU be 
linked, and diat diese additional groups wiU at times benefit from being 
protected during symbesis and/or during administration. Tlie namre of 
such protection is described in more detail hereinafter. Obviously, such 
protected drug species are encompassed by the definition of "drug" set 
. frath hereinabove. 

The exptessipn "a bridging group" as used herein refen to a 
bivalent group used to atoch die phosphonaie canier moiety to die drug 
when the drug does not contain a functional group suaxptible to direct 
25 bonding to die phosphorus atom to form a linkage wWcb will ultimately 
cleave to release an active drug species in die target organ. Drugs 
containing reactive hydroxyl and mercapto groups are capable of direct 
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in 


II 





rracrive functional group lequiie appropriate bridging groups, for example 
30 as shown in smicnires (Ic), (Id), (le) and (H) 
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The term "Ci-Cg aikyl" as used herein includes straight and 
branched-chain lower alkyl radicals having up to eight carbon atoms, e.g. 
methyl, ethyl, propyl, isopropyl, butyl, isobutvL ten-butyl, pentyl, hexyl 
and the like. 

The teim[ "C^^Cm aryl" includes aromatic radicals having the 
indicated number of carbon atoms, e.g. phenyl and naphthyL 

The term "Ct-Ca aralkyl" designates radicals of the type 

-alkylene-aryi 

wherein the aryl portion is phenyl or naphthyl and die alkyiene pordon, 
which can be straight or branched, can contain up to 6 carbon atoms, e.g. 
methylene, ethylene, propylene, trimediylene, 1,2-butylene, 23-butylene, 
teiramethylene and the like. A typical aralkyl group is benzyl. 

The term heteroaryr refers to aromadc radicals having the 

indicated number of carbon atoms and addidonally containing 1 or 2 
hetero atoms in the .ring(s) selected &om the group consiscing of N, O 
and S. niustiadye radicals of this type include fiiryl, pynolyl, imidazolyl, 
pyridyl, indcdyU qmnolyi and die like. 

The term ^'C^-Cf cyclpalkyr designates saturated alicyclic 
hydrocarbon ratficals containing the indicated number of carbon atoms, 
e.g. cyciopentyl and cydohexyL 

The term "€3*0, cyciphetieroalkyr refers to saturated alicyclic 
hydrocarbon radicals having the indicated number of carbon atoms and 
addidonally containing 1 or 2 hetero atoms in the ring selected from the 
group consisting pf N, O and S. Examples include morpholind, 
piperazinyl and pyrrolidinyL 

The term "Cj-Cg alkenyr* designates unsaturated aliphatic 
hydrocarbon radicals, ;Or olefinic groups, which contain one or two double 
bonds and the indicaied number of carbon atoms, e.g. l-propen-l-yU 1,3- 
pentadien-l-yl and the like. 

The term "(Q-Qo aryk)xy)CrCg alkyl" indudes aryloxyalkyl 
radicals such as phenoxymethyl, i.e. the aryl pocdon contains 6 to 10 
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carbon amms. eg. phenyl or n£^)hthyl, while the alkyl portion contains 1 
to 8 caitx>n atoms, e.g. methyl or ethyL 

The teim "Q-C, qrcioaIlqrl."C^-"- includes cyctoaJkyl and 
cydoalkyl-alkylene- radicals containing the ind icat ed number of carbon 
atoms and beanng 0 to 2 Q-C, alkyl groups as ring substinicnis. 
lUustiative radicals indude cydopentyl, cydofaexyl, cyclohexylmediyl, 1- 
mcthylcyclohex-l-yi, 2A33-tetrainethylcycloprop-l^yI and die like. 

The term "phenyl-C^jr"" includes phenyl and pfaenyl-alkylene- 
radicals containing the indicated number oS carbon atonos, e.g. benzyl, any 
of which can bear 0 to 3 subsnnents as defined above. TTie subsaments 
can be selected finom C,-C, alkyl, which can be soai^ or branched, e.g. 
methyl, ethyl, propyl, isoimipyl; C-C. alkoxy. which can be straight or 
branched, e.g. mcthoxy, ethoxy; halo, which includes hromo, chloro, iodo 
and fluoro; trifluaromethyl; Q-Q dialkylamino, e.g. dimethylamino and 
dieihylamino; and Q-Q allcanoylainino. c.g. acciamido and propionamido. 
Subsiinited phaxyUC^- radicals include such radicals p-tolyl, 2,4,6- 
tcimethylphenyl and m-txifioarometbylbenzyL 

The woid "alkylcnc" i^iicn used in conjuncdon mix the Z term 
herein refers to bivalent radicals of the type -(CHa)„- where n is 1, 2 or 
3, and the conesponding bianched-chain groups. When it is pan of the Z 
term, the alicylene grouping can only be unsubstituted methylene if the 
drag residue is sufiBdcnriy hindered; odicrwise, it should be subsrimted 
mediylene or unsubsdtuted or subsdtuted Q-C, alkylene. 

The tenn Tj-C, cycloalkylcne" as used in conjunction vnth the Z 
term designates radicals of the type 



I 

CH 



\ / 



I 

CH 



\0 



where m is 1 to 6 and the conesponding biandied-cfaain groups. 

The expression "non-toxic phannacnitically accqnable salts" 
used hoein generally includes the non-toxic salts of coinpounds of 
' ' ' I'ith non-toxic, phaimaceutically acoqptable inor 
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or organic adds. For example, the salts include those derived &om 
inorganic acids such as. hydrochloric, hydrofaromic, sulfuric, sulfamic^ 
phosphoric, nitric and the like; and* the salts prepared from organic acids 
such as aceric, f^pionic, succinic, glucolic, stearic, lactic, malic, tartaric, 
5 citric, ascorbic, pamoic, maleic, hydroxymaleic, phenylaccdc, glutamic, 
benzoic sali(7clic, sulfanilic, fumaric, methanesulfonic, toluenesulfonic 
and the like. 

The expression 'Tiydroxyl piotecring group" as used herein is 
intended to desi@aatef a group (Y) which is inserted in place of a 

10 hydrogen atom of an OH group or groups in order to protect the OH 
grDup(s) during synthesis and/or to.inqjiove lipoidal characterisdcs and 
prevent premature metabolism of the OH groupCs) prior to the 
compound's reaching the desired site in the body. The expression 
"protected hydroxy subsdtuent" designates an OY group wherein Y is a 

15 "hydroxyl protecting group" as defined above. 

Typical hjgiroxyl protecting groups contexziplaied by the present 

invendon are acyl groups and carbonates. When the hydroxyl protecting 

group is acyl when it is an organic radical derived from a carboxylic 

add by removal of die hydroxyl group), it can be selected from the same 

20 O 

II 

group of radicals as those encompassed by the -C-B^ pardon of formula 
(I) hereinabove. Thus, the hydroxyl group preferably represents an acyl 
radical selected &om the group consisting of aikanoyl having 2 to 8 
carbon atoms; allcenoyl having one or two double bonds and 3 to 8 
25 carbon atoms; 

■ o 

. cycloaikyl-C^Hjr-C- 

wherein the cyclaalkyl portion contains 3 to 7 ring atoms and r is zero, 
one, two or three; phenoxyacetyl; pyridinecarbonyl; and 
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O 
II 

phcnyl-QHj^-C- 



whercin r is kid, one. two or three and phenyl is unsubstimtcd or is 
substituted by 1 to 3 alkyl each having 1 to 4 carbon atoms. alJcoxy 
5 having 1 to 4 carbon atoms, halo, trifluoronieifayi, diaUqrJamino having 2 
to 8 carbon atoms or alkanoylamino having 2 to 6 carbon atotns. 

When the acyl group is alkanoyl. there arc included both 
unbranchcd and branched alkanoyl, for example, acetyl, propionyl, buiyiyl, 
isobutytyl, valeryl, isovaleiyl. 2-methyIbuianoyl, pivalyl (pivaloyl), 3- 
10 methylpenianoyl, 33-dimethyIbutanoyl. 2a-dimcthylpentanoyI, hexanoyl 
and the like. Pivalyl. isobutyryl. isovaleryl and hexanoyl are especially 

O 

preferred, both as -C-R, groupings and as hydroxy] protccdve groups. 
When the acyl group is alkenoyl, there arc included, for example, 
15 croionyl, 2,5-hcxadicnoyl and 3,6-octadienoyl. 

When the acyl group is 



O 

cycloalkyl-C^-C-, 

there are included cycloalkanecarfaonyl and cydoalkanealkanoyl groups 
20 wherein the cycloalkane portion can optionally bear 1 or 2 al^l gnnips 

as substituents, e.g. cydopropanecarbonyl, l-methylcydopropanccarbonyl. 

cyclopropancaceiyl, a-mcthylcyclopropancaceiyi, 1-mcthylcycltqiropane. 

acetyl, cyclopropanepropionyl, a-mcthylcyclo|Hqjaiiepropionyl, 2- 

isobuiylcyclopropanepropionyl, cyclobutanecarbonyl, 33-dimerfiyl- 
25 cyclobutanecarbonyl, cyclobutaneaceQrl, 2,2-dimeifayl-3-ethylcyclo- 

b-JLmeaceiyl. cyciopentanecarfaonyl, cyclohexancacetyl, cyclohexane- 

carbonyl, cyclobeptanecarbonyl and cycloheptanepropionyl. 

When the acyl group is pyridinecarbonyl, there arc included 

picolinoyl (2-pyridinecarbonyi), nicotinoyl (3-pyridinecarbonyl) and 
30 isonicodnoyl (4-pyiidinecarbonyl), 
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When the acyi group is 

O 
II 

phenyl-CjHjr-C-, 

there ore included^ for example, benzoyl, phcnylacetyi, a-phenylpropionyl, 
5 P-phenylpropionyl, p-toluyl, m-ioiuyl, o-coluyl, o-ethylbenzoyl, p-ten- ? 
butylbenzoyl, 3,4-dimethyibenzoyi, 2-mcthyl-4-ethyIben2oyl, 2,4,6- 
trimethylbenzoyi, m-meihyiphenylaceiyl, p-isobutylphenylacetyl, |3-(p- 
ethylphenyOpropionyl, p-anisoyl, m-anisoyl, o-anisoyi, m-isopropoxy- 
bcnzoyl, p-mcthoxyphenylacetyl, m-isobutoxyphenylacetyl, m-diethyl- 

10 aminobenzoyi, 3-methoxy-4-ethoxybcnzoyl, 3,4,5-triinethoxybenzoyl, p- 

diburylaminobenzoyl, 3,4-dieihoxyphenyiaceiyl, j5-(3,4,5-tiimethoxy- 
phenyOpropionyl, o-iodobcnzoyl, m-bromobcnzoyl, p-chlorobenzoyl, p- 
fluorobenzoyl. 2-bromo-4-chlorobcnzoyi, 2,4,6-aichloiobcnzoyi, p- 
chloropfaenylacetyi, a-(m-broniophenyl)propionyi, p- 

15 trifluoromcthylbcnzoyl, 2,4-di(trifluoromethyl)benzoyi, mrtrifluoro- 

methylphcnylacetyl, P-{3-mcthyl-4-chiorophenyl)piopionyl, p-dimethyl- 
aminobenzoyi, p-(N-iiicthyl-N-ethylaniino)bcnzoyl, o-acetamidobenzoyl, m- 
propionamidobenzoyl, 3-chlon>4-acetamidophenylacctyl, p-n-buioxy- 
benzoyl, 2,4,6-triethoxybcnzoyl, pKp-ttifluoiomethylphenyOpropionyl, 2- 

20 methyl-4-niethoxybenzoyl, p-acetaxnidophenyipropionyl, and 3-chloro-4- 
ethoxybenzoyl. 

When the hydroxyi protecting group is a carbonate grouping, it has 
the structural foimula 

O 
II 

25 Y'-O-C- 

i.e., it is an organic radical which can be considered to be derived bom a 
carbonic acid by removal of the hydroxyi group from the COOH portion. 
Y'^ preferably represents alkyl having 1 to 7 carbon atoms; alkenyl having 
one or two double bonds and 2 to 7 carbon atoms; 



wo 92/00988 



PCr/US9I/04824 



-31- 



10 



cyc]oaikyl-C^2,- 

whcrcin the cycloalkyl ponion contains 3 to 7 ring atoms and r is zero, 
one, two or tiircc; phcnoxy; 2-, 3-, or 4-pyridyl; or 

pbcnyl-C^Hjr- 

wherein r is zero, one, two or three and phenyl is unsubsrimied or is 
substituted by 1 to 3 alkyl each having 1 ro 4 carbon atoms, alkoxy 
having 1 to 4 carbon atoms, halo, trifluoromethyl, diaikylamino having 2 
to 8 carbon atoms or alkanoylamino having 2 to 6 carbon atoms. Most 
preferably, Y' is C,-C, alkyl, pardcularly ediyl or isopiopyl. 

Similarly, the expression "carboxyl protccnng group" as used 
herein is intended to designate a group (W) which is inserted in place of 
a hydrogen atom of a COOH group or groups in order lo protect the 
CXXDH graup(s) during syndiesis and/iar to improve Upoidal characteristics 
and prBvem prcmamrc metabolism of said COOH group or groups prior 
15 to the compound's reaching die desired site in die body. Typical of such 
carijoxyl protecting groups W are the groups encompassed by Y' above, 
especially C.-C, alkyl, paniculariy ediyl, isopropyl and t-butyL While 
such simple alkyl esters and Uie like are often useful, odier carboxyl 
protecting groups may be selected, e.g. in order to achieve greater control 
over the rate of ia viva hydrolysis of die ester back to die add and dms 
enhance drug delivery. To that end, carboxyl protccnng groups W such 
as die foUowing may be used in place of dus hydrogen of die -COOH 
group: 



20 



-CH,-C=C.CH„ 

25 0 0 

\/ 
C 
II 

o 
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O 
II 

-alk-OCOalkyI or 



-alkO-alkyI, 

wherein alk is CrQ straight or branched alkylene and the alkyl radical is 

S straight or branched and contains 1 to 7 carbon atoms (e.g. 

O 
II 

-CHOCOCHjCH, and -CH2OCH3). 
I 

CH, 

Other cartjoxyi protecdng groups W which can be used in place of 
10 the hydrogen of the -COOH group and which are especially useful herein 
arc the following: 



Q-Cj, cycloalkyl-CpHjp- 



whcrein p is 0, 1, 2 or 3; 



Q-Ca polycycloaikyl-CpHjp' 



15 wherein p is defined as above; 



Q-Q, polycycloalkcnyl-CpH^- 



wherein p is defined as above; 



G,-Ctt cycioalkcnyl-CpH2p> 



wherein p is defined as above; 



20 . -CH^-X^-R^ 



wherein is S, SO or SOj and R, is C,-C alkyl or C,-Cu cycloalkyl; 
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CH,-S-R, 
CH, 



wherein R, is defined as above; 



5 Rb 

-C3I-X.-R, 

wherein is defined as above, R^^ is C,-C, allcyl and R^ is C,-C, aikyl 
or wherein and R^ laJan togedier represent -(CHj)„^ wheroin m' is 3 
or 4 and -{CH^^'- is oprionally subsdtuicd by one to duee C,-C allcyl; 

10 R, 

-CH-OCOR, 

wherein R^ is hydrogen or C,-C, alkyl and R^ is unsubsdtuted or 

O 

subsdmted 0,-0^ alkyl [e.g. -CH,OC-C(CH0J. Q-C^ cycloalkyl -CpHj.- 
15 wherein p is defined as above, C,-C„ cydoalkenyl-C^- wherein p is 
defined as above or Q-C, alkcnyl, dw subsrituenis being selected fiom 
die group consisting of halo, C,-C, allcoxy, Q-C, al^Idiio, Q-Q 

O o 
alkylsulfinyl. Q-Q alkylsulfonyl, -NHC-(Q-Q alkyl) and -0C-(Q-Q 

20 alkyl), or R^ is unsubstinited or subsdmted phenyl or benzyl, die 

subsdiuents being selected from the group consisting of C,-Q alkyl, C,- 
Q alkoxy, halo, carbamoyl, Q-Q alkoxycaitonyl, Q-Q alkanoyloxy, Q- 
Q haloalkyl, mono(Q-Q alkyl)aniino, di(Q-Q alkyl)aniino, in(mo(C,-Q 
alkyOcarbamoyi, di(Q-Q alkyDcarbamoyl, Q-Q aUqrltiiio, C,-Q 

25 alkylsulfinyl and Q-Q alkylsulfonyl, or R, is Q-Q, polycycloalfcyl- 

CpHjp- or Q-Q, poIycycloalkenyl-CpHjp- wherein p is defined as above; 
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^ 

-CH-COOR, 
. wherein and are defined as above; and 

5 -CH-CONRjRg 

whexein is defined as above and Rf and Rg, which can be the same or 
dififercnt, are each hydrogen, CrC, alkyi, C^-C^ cycloaUcyl-CpH2p-, 
Cq cycloalkenyi-C^2p"» phenyl or benzyl, or one of R^ and Rg is 
hydrogen, CrQ aikyi, C^Ca cycloalkyl-CpH2p"' ^"^n cycloalkenyl- 

10 ^)H2p'» phenyl or benzyl and the other of Rf and Rg is Q-Qs 

polycycloalkyl-CpHjp- or Q-Cjg polycycloalkenyl-CpH2p-, or Rf and Rg are 
combined such that -NR^Rg lepiesents the residue of a saturated 
monocyclic secondary amine. 

When the carboxyl protecting group is Cj-Cq cycioalkyi-CpH^- or 

15 otherwise contains a C^Cjj cycioalkyl group, the cycloalkyl groups 
contain 3 to 8 ring atoms and may opdonally bear one or more, 
preferably one to four, alkyl substitucnts. Exemplary such cycloalkyl 
groups are cyciopropyl, 2-methylcyciopropyl, 3-eihylcyclopropyl, 2- 
butylcyclopropyl, 3-pentylcyclopropyl» 2-hexylcyclopropyl, cyciobutyl, 2- 

20 methylcyciobutyl, 2,3-dimethyIcyclobutyl, 3-buiylcyclobutyl, 4-hcxyl- 
cyciobutyl, 2,33-trimethylcyclobmyl, 33*4,4-tetramediylcyciobutyi, 
cydopentyl, 2-methylcyclopentyl, 3-ethyIcyctopentyl, 4-buQrlcyclopentyl, 5- 
methylcyclopencyl, 3-pentylcyclopeniyl, 4-hexylcyclopentyl, 23Hlimetfayl- 
cyclopentyl, 2,24,5-tenainethylcyclopentyl, 2,3,4-lrimethylcyclopentyl, 2,4- 

25 dimethyl-3-etfaylcyciopentyi, 2^,4,4-pMtameihylcyclopentyI, 2,3- 

dimethyI-3-propylcycIopcntyl, cyclohexyl, 2,6-dunethylcycIohexyl, 3,3,54- 
tetramethylcyclohexyl, 2-meihylcyciohexyl, 2-ediyIcyclohexyi, 4-propyI- 
cyclohexyl, 5-bntylcyclohexyl, 2,3-dimethylcyclohexyl, 2,4-dimeihylcyclo- 
hexyl, 2,5-dimethylcyclobexyI, 2,3,4-trimethyicyclohexyl, 23-dimethyI-5- 

30 eihylcyclohexyl, 2,5-dimcihyl-6-propylcyclohexyl, 2,4-dimethyl-3- 
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butylcyclohexyl, 2^,4.4-teirainethylcyciohexyJ, 3J,6,6.tetiamethyIcycio- 
hcxyl. 3.3.4,5^-pcniaincihyicyclohcxyl, 33,4^.5,6-hcxaincihyIcycIohcxyI. 
3,3,5-trimethyl-4-ethyicyciohexyi, 3,4,4-irimethyl-5-propyIcyciohexyl, 
cyciohepiyl, 3-incihyIcycioheptyl. 5-propylcyciohepiyl, 6-butylcycIoheptyI, 
5 7-incihylcyciohcptyJ, cycioociy], 2-mcthylcyciooctyi, 3-cthyIcyclooctyI. 
33,4-tiinieihylcyclooctyl, 3^^3-tenaniethyIcyclooctyl and the like. 

When the carboxyl protecting group is Q-Cq cycIoalkenyl-CpHjp- 
or otherwise contains a Cj-Qj cydoallccinyi group, the conesponding 
unsatuiaied radicals such as cyclqjcnicnyl and cyclohexenyl and djc like 
10 are contemplated. 

The polycycloalkyl-CpHjp- radicals which can serve as carboxyl 
protecting groups, or as portions of carboxyl protecting groiqis, are 
bridged or fused saturated alicyclic hydrocarbon systems consisting of two 
or more rings, optionally bearing one or more alfcyl subsdtucnts and 
15 having a total of 6 lo 28 carbon atoms in the ring portion. The cones- 
ponding biidgcd or fiiscd unsanirated alicyclic hydrocarbon systems arc 
intended by die term "Q-Ca pdycycloalkcnyl-C^-". Such polycydo- 
alkyl and polycycloalkenyl radicals arc exemplified by adamantyl 
(e^ially 1- or 2-adamantyl), adamaniyhnediyl (cspcciaUy l-adamantyl- 
20 methyl), adamaniylediyl (especiaiUy l-adamantyled»yl). bomyl, norfaonyl, 
(e.g. exo-norbomyl or radQ-noriwmyl), norbomenyl (c.g. 5-norbomen-2- 
yl), norbomyimetiiyl (e.g. 2-norbomylmediyl) and norbomylediyl (e.g. 2- 
norbomylethyl), and by radicals of the type 

-Cyj^-(stcrol residue) 

25 wherein p is defined as above and the sterol residue is die portion of a 
steroidal alcohol which remains after ronoval of a hydrogen atom ftom a 
hydroxy group dierein. The sterol residue is preferably diat of a 
pharmacologically inacrive steroid, e.g. cholesterol, a bile acid (cholic acid 
or related compound) or die like. In die case of polycyclic radicals, p is 

30 preferably 0, 1 or 2. 
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When the carboxyl protecting group is -CH-CONRfR^ wherein 



-NRfRg reprcsenis the residue of a saturated monocyciic secondary amine, 
such monocycles preferably have 5 to 7 ring atoms opdonaily containing 
5 another hetero aiom (-Or, -S- or -N-) in addition to the indicated nitrogen 
amm, and optionally bear one or more substiments such as phenyl, benzyl 
and methyl. Diustradve of residues of saturated monocyclic secondary 
amines which are enconq}assed by the -NR^R^ term are morpholino, 1* 
pyiTolidinyl, 4-bcnzyl*l^perazinyl, perhydro-i;2,4-oxathia2in-4-yl, 1- or 
10 4-piperazinyi, 4-metfayH-piperazinyl, piperidino, hexamethyleneimino, 4- 
phenylpiperidino, 2-methyl-l-pyiazolidinyl» 1- or 2-pyrazolidinyl, 3-methyl- 
l-imidazolidinyl, I- or 3-imidazolidinyl, 4-benzylpiperidino and 4*phenyl- 
1-pipcrazinyl. 

As yet another altemadve, the carboxyl group can be protected by 
15 converting it to an amide, Le. the -CCXDH group is converted to a 
•CX)NRfR^ group wherein Rf and axe as defined and exemplified 
above. Such amide groups are also intended to be encompassed by the 
expression "carboxyl protecdng group** as used herein. 

Selecuon of an appropriate carboxyl pDtecting group will depend 
20 upon the reason for protection and the ultimate use of the protected 

pnxiuct. For example, if the protecting group is intended to be present in 
a phannaceurically useful end product, it will be selected fi-om those 
protecting groups described hereinabove which offer low toxicity and the 
desired degree of lipophilidty and rate of m vivo cleavage. On the other 
25 hand, if the protecting group is used solely for protection during 

synthesis, then only the usual synthetic requirements will generally apply. 

The e;qiression "ammo protecting group" as used herein is intended 
to designate a groiip (T) which is inserted in place of a hydrogen atom of 

* ■ 

an amino gmvp or groiq)s in order to protect the amino group(s) during 
30 synthesis and/or to improve lipoidal characteristics and prevent premamre 
metabolism of ^ aM amino group or groups prior d the compound's 
reaching the desired site in the body. 
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As with the carboxyl protecting groups, selection of a suitable 
amino protecting group wUl depend upon the reason for protection and 
the uidmate use of the protected product When the protecting group is 
used solely for protection during syndiesis. then a conventional amino 
proicciing group may be employed. When the amino protecdng group is 
intended to be present in a phannaccutically useful end product, then it 
wUl be selected from among amino protecting groups which offer low 
toxicity and die desired degree of lipophilicity and rate of in vivo 
cleavage. Especially suitable for ia vivs use as amino protecting groups 
T are acnvated carbamates, i.e. die protecting group T has ihe smicmre 

^ 

-COCH-OCR 
II II ^ 

O O 

wherein is hydrogen. C.-C, alkyl or phenyl and Rj can be selected 
15 from die groups indicated as suitable carboxyl protecting groups W 

hereinabove. Again, die builder groups are picfiarcd for use in vivo, and 
Rj is preferably a polycydoalkyl or polycycloalkenyl-comaining group, 
such as adamaniyl or a sterol residue, espedafly a cholesterol or Wle acid 
residue. 

20 The drugs which can be derivarized in accord widi die present 

invention must contain at least one functional group capable of bonding 
to die phosphorus atom in die phosphonate carrier moieqr, dirccdy or 
dnough a bridging group. Drugs which arc capable of direct bonding are 
generally prc&xted because direcdy-btMided derivatives are more readily 

25 syndiesized and their in vivo cleavage to die active drug species is 

likewise less complex. When a linking or bridging group is required, 
such must be chosen judiciously so diat in vivo cleavage wiU occur in die 
desired sequence. Hie phosphonate derivatives of formula (I) are 
designed to be cleaved in vivo in stages after tiiey have reached die 

30 dssired site of action. The first cleavage, by esterase, provides a 
negatively charged "lockcd-in" intermediate of die type 
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o 

II 

[DJ— P-O" ; 
I 

cleavage of the temiinal ester grouping in (I) thus affords an inherently 
5 unstable intermediate of the type 

O Rj 
ti I 
ro]-P-0-CHOH 

I 

R, 

which immediately and spontaneously releases RjCHO and the negatively 
10 charged "locked in" inteimediate depicted above. With time, a second 
cleavage occun; this cleavage is catalyzed by means of alkaline 
phosphatase, releasing the origiiial dnig (D-OH m the case of hydroxy- 
linked drugs, D-SH in the case of mercapto-Iinked drugs or* in the case 
of other drag classes, a drug-iiridging gioup endty which will readily 
15 release the original drug), along with R,PO^. In the selected instances in 
which the drug is of the nucleoside type, such as is the case of 
zidovudine and numerous other antiretrovirai agents, it is known that the 
drug is acdvated in vivo by . phosphorylation; such activation may occur in 
the present system by en^manc conversion of the "locked-in" 
20 intermediate with phosphokinase to die acdve phosphonate diphosphate 
and/or by phosphorylation of the dmg itself after its release &om the 
"locked'in" inteimediate as described above. In either case, the original 
nucleoside-type drug will be converted, via the derivatives of this 
invention, to the active phosphoryiatcd species according to the sequence: 
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D-O-H 

original 
nucleoside- 
type drug 



chemical derivation 



O 

n 

D-O-P 

\ 




foim ad 



R, O 
I II 
OCH-OCR, 



aa) 

istered 



in VIVO csterase- 
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It is appaicni from the foregoing that, in the case of nudeoside- 
type drugs which 'arc activated by phosphorylation, the instant invention 
provides derivatives which need only a two-step in vivo phosphorylarion 
to aiiive at the active tri-phosphorylated species, while the original drug 
requires a thicc-stcp activation in vivo to the triphosphate. 

In the case of drugs having a reactive hydroxyl or XDcrcapio 
function dirccdy bonded to the phosphorus atom, the cleavage to form the 
negadvely charged ''locked-in" intermediates is much £ister than the 
cleavage of die drug itself from die remainder of die negatively charged 

± 

intermediate, no matter what die identity of die -CXH- giouping in 
formula (la) or (lb). The same is true for die case of imide-type and 
amide-type dmgs. Ibus, Rz in stmctures (Id) and (k), like R2 in 
strucmres (la) and (lb), ran be any of die groups defined as values 
with formula CD hereinabove. The derivatives of formulas dd) and (le), 
like those of fononlas (la) and (lb), are thus first cleaved by esterase to 
give the negatively charged intermediate; subsequent cleavage by alkaline 
phosphatase in die case of the amides and imides gives an unstable 
intermediate which rapidly is transformed into the original drug. On the 
odier hand, in die'^case of dmgs linked via amine or carboxylic acid 
functions, die identity of die Ri groups must be carefully concroUed so 
that the enzymatic cleavages occur in the proper order. It is apparent 
from a snitfy of stmcnires (Ic) and (If) hereinabove^ diat each of these 
structures contains more than one bond susceptible to cleavage by 
esterase; if these esterasc-clcavablc bonds do not cleave in die proper 

sequence, Le. if die bond linking R3C- to die rest of die molecule does 
not cleave before die carboxyl bond linking die drag to die phosphonate 
moiety, then the negatively charged "locked-in" intermediate wiU not be 
formed and targeted drug delivery will not occur. By utilizing an 

• ^ 

-OCH2- linkage for -OCH- in formulae (Ic) and (If)» diat linkage becomes 
paniculariy susceptible to esterase. Nevertheless, judicious selection of 
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the -O-Z- linkage in formula (Ic) and the ''H- linkage in formula (If) 

1 

is itquiied. For example, when the drug residue is stericaily hindered, 

•O-Z- can be -OCH2* in fonnula (Ic), because that bond will be less 

5 O 

H 

susceptible to esterase than the bond linking K^-C- to the rest of the 
molecule, due to steric considerations. Likewise, -O^- can be -OCH2- 

in formula (If) when the drug residue is hindered On the other hand, 
10 when structurally single drugs which aro not bulky/sterically hindered 
are dexivaiized, it may be required that -0*Z- cannot be -OCH|- in 
formula (Ic) and -OCH- cannot be -OCHx- in formula (If). In this way, 

the compounds arc designed so that the bonds will cleave in the proper 

IS sequence. 

From the foregaing, it will be apparent that many different drugs 
can be derivaiized in accord with the present inventioiL Numerous such 
drugs are specifically mendoned hcreinbelow. However, it should be 
understood that the following discussion of drug £amilies and dieir 

20 specific members for derivaxizadon according to this invention is not 
intended to be exhausdve, but merely illustrative. 

Drugs containing a reacdve hydroxyl or mercapto funcnon for use 
herein include, but are not limited to, steroid sex hormones, amivirals, 
uanquilizers, anticonvulsants, antineq>lastics (anttcancer/umtumor agents), 

25 hypotensives, anndepressants, narcotic analgesics, narcotic antagoiusts and 
agonist/antagonists, CNS anticholinergics, stimulants, anesthedcs, 
antiinflammatory steroids, nonsteroidal anduiflammatory agents/analgesics, 
andbioncs and CNS prostaglandins. Preferred drugs of this type axe 
andvirals, antineoplastics and steroids. 

30 More specifically, among the steroid sex hormones there are 

included: male sex hormones/androgens such as testosterone and methyl 
testosterone; and fenude sex hcmiones, including estrogens, both 
semisynthenc and natural, such as mesrranol, quinestrol, ethinyl estradiol. 
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esundiol, estrone, esoioU estradiol 3*methyl ether and estradiol benzoate, 
as well as progestins, such as norgescrel, norethindrone, ethisterone, 
dimethisierone, ailylestrenoi. cingestol, ethjmerone, lynestzenol, 
norgesterone, norvinisterone, ethynodiol, oxogestone, dgestol and 
norethynodrel. Typically* the phosphonate moiety will be bonded to the 
steroid via a hydroxyl in the 3- or 17-posinon, with the 17-posidon being 
generally preferred. 

Among the andvirals* there are included those of the nucleoside 
type, glycosides, phenyl giucoside derivadves and others. Those of the 
nucleoside type (i.e* a purine or pyrimidine base-type structure, including 
analogs of purines and pyrimidines^ bearing a singly or multiply 
hydroxyiated subsdtuent, which may be a natural or imnataral sugar, 
hydroxy-beaiing alkyl group or similar subsdtuent) are preferred. 
Exemplary nuclcoside-type andvirals include zidovudine (AZT; 
azidothymidine), ribavirin, (S>9-(23-dihydioxypropyI)adcnine, 6- 
azauridine, acyclovir (ACV), 5,6-dichlaro-l-p-I> 
ribofuranosylbenzimidazQle, S,7-dimethyi-2-P-D-ribofuianosyl-5-triazole 
(l,S-a) pyrimidine, 3-deazauridine, 3-deazaguanosine, DHPG (ganciclovir), 
6-azaiiridine, idoxuridine, dideoxycytidine (DDC), trifluridine 
(trifluorothyniidine), dideoxyinosine, dideoxydehydiothymidine, 
dideoxyadenosine, BVDU, FIAU, FMAU, FIAC, Ara-T, FEAU, 
cyclaradine, 6-deoxyacyclovir, 3-deazaaristerDmycin, neplanocin A, 
budclovir (DHBG), selenazofurin^ 3-deazaadenosiiie, cytarabine (cytosine 
arabinoside; Axa-C), S-FUDR, vidarabine (Ara-A), tiazofurin, 3^-fluQn>- 
2'.3'-didcoxythymidine (FddThd), l-(23-didcoxy-P-D-giyceropent-2- 
enofuianosyl)ihymine (D4T or d4T), 3'-fluoro-2'3'-dideoxy-5-chlorouridine 
(FddClUrd), 5-(2-chloroeriiyl)-2'-deoxyuridine (CEDU), 5-ethyl-2'- 
deoxyuridine (EDU), 5-(l-hydroxy-2-chlon)ediyl)-2'-deoxyuiidine, 5-(l- 
niethoxy-2-bromoetbyl>-2'-deoxyuridine, 5-(l-hydroxy-2-bromo-2- 
(eihoxycarbonyl)ethyl)-2'-deoxyuridine, 5-(l-hydroxy-2-iodo-2- 
(edioxycarbonyl)ethyl)-2'-deoxyuridine, 3'-azido-2',3'-dideoxyuridine 
(A2U)» 3'-azido-2'3'-dideoxy-5-bromouridine, 3'-azido-2',3'-didcoxy-5- 
iodouridine, 3'-azido-2',3'-dideoxy-5-methylcyddine and 3'-fluoro-2'3'- 
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dxdeoxyuridine (FddUrd). These and numerous other nudcosidc-typc 
anuvirals suitable for dcrivaiizaiion in accord with the present invendon 
have been described in the iiteratuie. See, for example. Van Aerschot et 
al, J. ^ led Chem . 1989, 32, 1743-1749; Mansuri ct al, J. Med. Chem . 
5 1989 , 32, 461-466; Kumar ei al, J. Med. Chem . 1989 , 32, 941-944; Un et 
al, J. Med> Chem. 1989. 32, 1891-1895; Kim et al, J. Med. Chcm. 1987 , 
30, 862-866; Lin et al, J. Med, Chem, 1987, 30, 440-444; Heidewijn et 
al, J. Med. Chem. 1988. 31, 2040-2048; Turk et al. Antimicrobial Agents 
and Chemotherapy, Apr. 1987, VoL 31, No. 4, 544-550; Elion, in Topics 
10 in Medicinal Chemistry, 4th SCI-RSC Medicinal Chemistiv Symposium, 
cd. P. R. Leeming, Royal Society of Chemistry, London, 1988, pp. 163- 
171; Roberts et al, in Topics in Medicinal Chemistry, 4th SCI-RSC 
Medicinal Chemistry Symposium , ed. P. R. Leeming, Royal Society of 
Chemistry, London, 1988, pp. 172-188; Kelley, in Topics in Medicinal 
15 Chemistry, 4th SCT-RSC Medicinal Chemistry Svmoositmi. ed. P. R. 
Leeming, Royal Society of Chemisciy, London, 1988, pp. 189-212; 
Hamdcn ct aU in Topics in Medicinal Chemistry. 4th SCI-RSC Medicinal 
Chemistry Symposium, ed. P. R, Leeming, Royal Society of Chemistry, 
London, 1988, pp. 213-244; Reist ct al, in Nucleotide Analogues as 
20 Antiviral Agents . ACS Symposiimi Series 401, ed. John C Martin, 

American Chemical Society, Washington, D.C., 1988, Chapter 2, pp. 17- 
34; DcCIercq, in Approaches to Antiviral Agents, ed. Michael R. 
Hamden, VCH, Great Britain, 1985, Chapter 3, pp. 57-99; Holy, in 
At?proaches to Antiviral Agents, ed. Michael R. Hamdcn, VCH, Great 
25 Britain, 1985, Chapter 4, pp. 101-134; and Hovi, in Antiviral Agents: 

The Development and Assessment of Antiviral Chemotherapy. Volume I, 
ed Hugh J. Reld, CRC Press, Inc., Boca Raton, Florida, 1988, Chapter 1, 
pp. 1-21; all of which axe incorporated by reference herein in their 
entirety and relied upon. Typically, the phosphonate moiety will be 
30 bonded to the nucleoside-type antiviral via a primary hydroxyl in the 5'- 
posinon or corresponding position when the antiviral does not have a 5'- 
hydroxyl. Non-nuclepside antivirals for possible derivatization herein 
include hydroxy-containing glycosides such as 2-deoxy-D-glucose and 2- 
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cieoxy-2-fluorol>mannosc, phenyl glucosides such as phcnyl-6-chloro-6- 

deoxy-jJ-D-glucQpyranoside and benzimidazole analog type annvirals such 

as the syn and anri isomers of 6[[(hydroxyimino)phenyI]niethyl]-l.-[(l- 
methyIethyl)sulfonyl]-lH-benziinidazol-2-amine. 

5 Among the tranquilizers for derivatizaiion herein, there can be 

mentioned hydroxy-containing ben zo diazepine nanquilizers, for example 

oxazepam, iorazepam and temazepam; tranquilizers of the butyrophenone 

group, such as bqloperidol; tranquilizers of the diphenylmetfaane group, for 

example hydroxyzine; phendthiazine-type tranquilizers, for exaixq>Ie 

10 acetophenazine, carphenazine, flupbenazine, perphenazine and 

piperacetazine; and tranquilizer analogs of phenothiazines, e.g« 

clopenthixoL 

Among the hydroxy-containing andconvulsants, there can be 
mendoned, for example, the metabolites of valproic acid, i.e. S-hydroxy- 
IS 2-n-propylpentanoic add, 4-hydroxy-2-n*propylpentanoic acid and 3* 
hydroxy-2*n-piDpylpentanoic acid. 

Among the antineoplastics, Le. anticancer and/or andtumor agents, 
xbsm can be mennoned as illustranve urea derivadves, hormonal 
andneoplasdcs, podophyllotoxins (e.g. teniposide, etoposide), antibiodc- 
\ type andbiodcs, niirosourea-type alkyladng agents and, especially, purine 
and pyrinndine : antagonists. The purine and pyrimidine antagonist-type 
antineopiasdcs include simple purine and pyrimidine base-type structures, 
e*g. thioguanine and 6-mercaptopurine, as well as those of the nucleoside- 
type, e.g. Ara-AC, penbstatin, dihydro-5-azacyudine, tiazofurin, 
sangivamycin, Ara-A (vidarabine), 6-MMPR, 5-FlJDR (Qoxuridine), 
cytarabine (Ara-C; cyiosine arabinoside), 5-azacyudine (azaciridine), 
uridine, thymidine, idoxuridine, 3-deazauridine, cyclocyttdine, dihydro-5- 
azacyddine, ciicinbine and fludrabine. Many nucleoside-type conipounds 
have utility both as antineopiasdcs and as antiviral agents. Such are 
typically derivatiz^^d as described hereinabove with reference to the 
nucleoside-type - anri virals. 

Among the anestbedcs, there can be mennoned pentothal 
(thiopental). 
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Among the andbiodcs, there can be mentioned lincomycin type 
andbiodcs such as clindamycin and lincomycin. 

Among the naxcodc analgesics* there can be mendoned those of 
the meperidine type such as meptazinol* profadoi and myfadol; and those 
which can be considered nunpfaine derivadves. The morphine derivanves 
include those of the morphine series, such as hydxDmozphone, 
oxymorphone, apoxnorphine, levoipiianol, morphine and metopon; those of 
the benzomoiphan series, such as pentazocine, cyclazocine and 
phenazodne; and those of the codeine series, such as codeine, oxycodone, 
drocodc and pholcodinc. 

The naicodc antagonists and mixed agonist/antagonists include 
such coxx^uiuls as nalbuphine, naloxone, nalorphine, buprcnorphine, 
butorphanol, levallorphan, naltrexone, nalmefcne, alazocinc, oxilorphan and 
nalmexone. 

The andinflammatory steroids include such compoimds as 
cortisone, hydrocortisone, betamethasone, dexamethasonc, ilumethasone, 
flupiedmsolone, methyl prednisolone, mcprednisone, prednisolone. 



le, triamcinolone acetonide, o 



• .»tf» If*)**}! 









• 





e acetonide (flurandrenolide) and 



prednisone, tdan 
fludrocordsone, fiurai 
paramethasone. 

Among the nonsteroidal andinflammatory agentsAton-narcodc 
analgesics, there can be mendoned, for example, cloidxetil, sennatadn 
and napioxoL 

Drugs containing a reacdve amide or imide function for 
derivadzation herein include, but are not limited to, tranquilizers, 
sedanves, anticonvulsants/antiepileptics, hypnodcs, antineoplastics, 
andvirals, andbiodcs/andbacterial agents, barbiturate antagoiusts, 
stimulants, antihypertensives and anddepressant^sychotrcTpic drugs. 

More specifically, there can be mentioned hydantoin-type nan- 
quilizers and anticonvuisants/antiepilepdcs, for example, phenytoin, 
mephenytoin and etbotoin; barbiturate 

sedanves/andconvulsants/antiepilepdcs, e.g. phenobarbital, amobarbital and 
butalbital; glutarinaide or pipeiidine derivadves which are sedadves and 
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hypnocics* for example, glutethimide, meihypryion and aminoglutethimide 
(also an annconvuisant); benzodiazepine^cype tn.'.juilizers, such as 
nitrazepam, bromazepam, demoxepam* oxazepam; anddepressancs/psycho- 
tropics, e.g. sulpiride; GABAergic agents/antiepilepncs, for example 
S progabide; valproic acid dehvadve-type andconvulsants, e.g. valpromide; 
barbiturate antagonists, for example, bemegride; tetracycline-type 
annbioucs, such as demeclocycline, oxyteuacycline, chlortetracycline, 
tetracycline, methacycline, minocycline and doxycycline; nonsteroidal 
antiinflammatory/analgesic agents, e.g. tesicam; and antineoplasdcs, for 
10 example alkylating agents of the nitrogen mustard- type, e.g. uracil 

mustard, spiromusrine and cyclophosphamide, alkylating agents of the 
nitrosourea type such as PCNU, purinc/pyrimidine antagonists, e-g- 5- 
FU(5-fluorouracil), and various other andneoplasdcs, such as razoxane and 
ICRF-187. 

15 Drugs containing a reacdve carboxyl funcdon for derivatizadon in 

accord with the present invendon include, but are not limited to, and- 
convulsants, antineoplasdcs, andbiodcs/andbacterials, diagnosdcs and 
nonsteroidal andinflammatory agents/non-narcodc analgesics. 

More specifically, there can be mentioned andconvulsants, e.g. 
valproic acid; andneoplasdcs, for example, nitrogen mustaid-type 
alkyladng agents such as chlorainbucii and folic acid antagonists such as 
methotrexate and dichlcnomethotrexaie; penidllin-type antibiodcs such as 
amoxicillin, pbenoxymethylpenicillin (peiuciilin V), benzylpenicillin, 
dicloxadllin, carbenicillin, oxacillin, cloxadllin, hetacillin, merfaicillin, 
nafcillin, dcardllin and epicillin; cephalosporin-type andbiotics, e.g. 
cephalothin, cefoxitin, cefazolin and cephapirin; miscellaneous other 
andbiodcs, e.g. oxoiinic acid; nonsteroidal antiinflammatoiies/non-narcoric 
analgesics, including propioiuc, acedc, fenamic and biphenylcarboxyiic 
acid derivatives, for example, ibuprofen, naproxen, flurbiprofen, 
zomepirac, sulindac, indomethacin, ketoprofen, fenbufen, fenoprofen, 
indoproxen, flupiofen, budoxic acid, tolmetin, alclofenac, fenclpzic acid, 
ibufenac, flufenisal, pirprofen, flufenamic acid, mefenamic add, clonixin, 
meclofenainic add, flunixin, diclofenac, carprofen, etodolac, fendosal. 
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prodolic acid, diflunisal and flutiazin; and diagnosdcs such as diobippuric 
acid and iothalamic acid. 

Drugs containing a reacdve anuno funcdon for use in accord widi 
the present invennon include, but are not limited to, GABAergics/and- 
5 epileptics, antineoplasucs, cerebral snmuiants, appetite suppressants, MAO 
inhibitors, tricyclic anddepressants, decongestants, naicodc analgesics, 
annvirals, neurouansxnitters, small pepddes, dopaminergic agents and 
amibioucs. lUustradve drugs of this snucturai type include andepileptics 
such as GABA. y-vinyl GABA and y-acetylenic GABA; ninogen 

10 mustard-type andneoplasdcs such as melphalan; andbiodc-type and* 

neoplasdcs, e.g. daunombicin (daunomycin), doxorubicin (adiiamycin), 
dacdnomycin and mitomycin C; nitrosourea-type antineopiasdcs such as 
alanosine; miscellaneous other andneoplastics, e.g. bactoDolin, DON and 
acivicin; sympathedc sdmulants/appente suppressants* such as metham- 

15 phetamine, phentemiine, phenmetrazine, dextroamphetamine, levamphet- 
amine, amphetamine, phenethylamine, methyl phenidate, aletamine, 
cypenamine, fencamfamin and euyptamine; MAO inhibitors, e.g. tranyl- 
cypromine; tricyclic antidepressants, e.g. protriptyline, desipramine, 
nortriptyline, octriptyline and maprotiline; cerebral stimulants, e.g. 

20 amedalin, bupropion, cartazolate, daledalin, difiuanine and nisoxetine; 

annvirals such as glucosamine, 6-amino-6-deoxy-D-glucosc, amantadine 
and rimantadine; amino acids/neutrotransmitters, e.g.' tryptophan; small 
pepudes, typically containing 2-20 amino add units, e.g. the enkephalins 
(leu^-enkephalin, met'-enkephalin), endorphins and LHRH analogs; 

25 catecholamine neurotransmitters, e.g. norepinephxine, epinephrine and 

dopamine; other neurotransmitters, e.g. serotonin, and related compounds 
such as tryptamine; penicillin*type andbiodcs such as ampicillin; 
cephalosporin«>type andbiodcs, e.g. cephalexin; and sympatholydc agents 
such as guanethidine and debrisoquin. 

30 Also illusuradve of the centrally acting drug species contemplated 

by this invendon are pharmacologically acdve metabolites of drugs. Such 
metabolites are typified by hydroxylated metabolites of tricyclic 
anddepressants, such as the £- and Z-isomers of lO-hydroxynomiptyline, 
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2-hydioxy imiprai iiipe, 2-hydroxydesiprarniiie and S-hydroxycfaloriprainine; 
hydroxy iaied mctaboliies of phcnothiazine tranquilizers, e.g. 7- 
hydroxychloiproniazine; and desmeihyi metabolites of N-metfayl 
benzodiazepine tranquilizers, e.g. desmethyidiazepam. Other acdve 
metabolites for use herein will be apparent to those skilled in the art, e.g. 
SL 75102, which is an acrive metabolite of progabide, a GAB A agonist, 
and hydroxy-CCNU, which is an acdve metabolite of CCNU, an 
andcancer nitiosbuiea. Typically, these phannacologically acdve 
metabolites have been identified as such in the sdendfic literature but 
have not been adnunisteicd as drugs themselves. In many cases, the 
acdve metabolites axe believed to be comparable in acdvity to their patent 
drugs; fireqiiendy, howevo*, the metabolites have not been administered 
per se because they arc not themselves able to penetrate biological 
membranes such as the blood*brain banier. 

Diagnostic agents, including radio{rfiaimaceudcais, are encompassed 
by the expression '*dmg" or the like as used herein. Any diagnostic agent 
which can be derivatiied to afford a phosphonate derivadve of formula (I) 
which will penetrate biological membranes, e.g. the BBB, and concentrate 
in the target organ, e.g. the brain, in its negadvely charged form and can 
be detected therein is encompassed by this invendon. The diagnosdc may 
be "cold" and be detected by X-ray (e.g. radiopaque agents) or other 
means such as mass spectrophotometry, NMR or other non*-invasive 
techruques (e.g. when the compound includes stable isotopes such as CI3, 
N15, 018, S33 and S34). The diagnostic aliemadvcly may be "hot", i.e. 
radiolabelled, such as with radioactive iodine (I 123, I 123, 1 131) and 
detected^maged by radiation detection/imaging means* Typical "cold" 
diagnostics for denvadon herein include o-iodohipptiric add, iothalamic 
add, iopydol, iodamide and iopanoic add. Typical radiolabelled 
diagnostics indude diohippiiric add (I 125, 1 131), diotyrosine (I 125, 1 
131), o*iodohippiiric add (I 131), iothalamic add (1 125, 1 131)» 
diyroxine (I 125, 1 131), iotyrosine (I 131) and iodometaraminol (I 123). 
In the case of diagnostics, unlike the case of drugs which are for the 
treatment of disease, the "locked-in" negadvely charged form will be the 
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form that is imaged or otherwise detected, not the original diagnostic 
itself. Moreover, any of the drags disclosed herein which are intended 
for the treatment or prevcndon of medical disorders but which can be 
radiolabelled. e.g. with a radioisotope such as iodine, or labelled widi a 
5 stable isotope, can thus be convened to a diagnostic for incoiporation into 
the phosphonate of formula (I). 

When the drug selected for derivarizaiion according to the present 
mveniion is to be linked to the phosphonate moiety via a secondary or 
lerdaiy hydroxyl, or via a hindered hydroxyl, it may be desirable to use a 

10 Rj 

I 

bridgmg group -CH-O- as described above for linking amide and imidc 
groups to die phosphonate, radjer than a direct bond between the drug's 
hydroxyl group and die phosphorus atom. 

The compounds of formula (I) can be prepared by a variety of 
15 synthetic procedures tailored to the structure of the particular drug to be 
derivatized, particularly to die nature of die reactive functional group to 
be linked to die phosphonate moiety, die identity of die bridging group, if 
any, and the presence of other functional groups which may bcnefil from 
protection. In preferred embodiments of die invention, the drug contains 
20 a reactive hydroxyl group susceptible to direct bonding to die phosphoras 
atom in die phosphonate moiety. It is also preferred for sin^^liciiy's sake 
that the selected drug not require protection of other functional groups, 
aldiough such groups can be protected when necessary. The 

ILLUSTRATn^ SYNTHETIC METHODS set fordi hercinafiCT 
25 describe various mediods for die preparation of die compounds of die 
invention, while die EXAMPLES which follow illustrate dicse and 
alternative mediods. These mediods can be summarized as follows for 
drugs in each of die major structural categories, whcrem die definitions of 
the sirucmral variables as set forth above in conjunction widi formulas 
30 (la) lo (If): 

The compounds of formulas (la) and (lb) can be syndiesized by 
contacting die drug, D-OH or D-SH, respectively, widi a substituted 
phosphonic dichloride R,P(0)C1,. e.g. CH3p(0)Cl„ in pyridine. The 
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resulcani compound of the fonnuia 



D-O-P-OH or D-S-P-OH 



5 respecdveiy, is then created wiih aqueous sodium hydroxide and aqueous 
silver niiraic to afford die corresponding silver salt. 



O O 

II II 

D-OP-OAg or D-S-P-OAg 

' L 
Ri Ri 



10 O 

respectively. Rcacdon of the silver salt with RaC-OCH-I^ e.g. 

k 



(CH^CCOCH^j affords the corresponding compound of formula (la) or 

15 (lb), respecdvely. 

A preferred novel process which is more reliable and easily 
applied than that described above utilizes a cesium salt catalyst The fiist 
step, a base-catalyzed icacnon of the drug, D-OH or D-SH, respectively, 
with a subsdmted phospbonic dichloiide RiP(0)Cli, e.g. CBy*(0)Cl2, 

20 proceeds as described above.. .The base may be sodium carbonate, 

potassium carbonate or a ternary organic amine such as triethylamine or 
pyridine. A non-alcoholic organic solvent, e.g. acetone, methyl ethyl 
ketone or acetonitiile, is employed. The phospbinic add deiivadve thus 
produced has the same formula depicted above, Le. 

25 O . Q 

a II 

D-OP-OH or D-S-P-OH 

R, Ri 
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respecrively. That derivarive is then reacted with cesium fluoride (or 

O 

equivaiem cesium salt) and a compound of the formula RjC-OCH-I. e.g. 



5 O 

II 

CH5(CH2)4CCX2i,I, in a suitable organic solvent, e.g. dimcdiylformamidc, 
acetonitnle, nitzometfaane, chlorofonn or dimethylaceiamide, to give the 
conesponding con^und of fonnula (la) or (lb), lespecdvely. 

The compounds of foramia (Ic) can be synthesized by reacting the 
10 drug 1>COOH with chloromeihyl chlomsulfatc or similar conqwund of 
the type 0-2^80,0 to give an iniBrmcdiate of the type 

D-<XK)-Z-a, 

which can be reacted with a silver or cesium salt of R,P(OH)„ to afford 
15 a compound of the type 




O ^OH 
D-COO-Z-O-P 



That intermediate, which contains a linking group bearing a reacdve 
20 -OH, can dicn be reacted widi cesium floridc or equivalent cesium salt 



o 
II 

ICHjQCRj 



as discussed in die preceding paragraph, to give die cotiesponding 
compound of formula (Ic). 
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The compounds of foimulas (Id) and (le) can be synthesized by 
reaciing the drug» D NH or D-C-NH, respectively, with an 

% 

appropriate aldehyde of the type RaCHO^ e.g. formaldehyde, chloral, 
acctaidehyde, furfural, benzaldehyde or the like, in the presence of a basic 
catalyst such as potassium carbonate, to give the conesponding 

intennediate of the type D N^^H or D-C-N-CH-OR That 

O 

intennediate, winch contains a linking group bearing a reactive -OH, can 
then be reacted, fiist with R,F(0)Cl2 to give the intennediate 



D NrCH-OP^ or D-C-N-CH-OP respectively, dien 



Ri R4 R/ 



with cesium floride or equivalent cesium salt and a compound of the 

O 
II 

formula RsC-OCH-I in a suitable organic solvent, as discussed 

W 

hereinabove for the hydroxy-containing drugs, to give the conesponding 
compound of fommla (Id) or (le), respectively. Drugs containing reactive 
primary or secondary sulfonamide functions (D-SOjNH or D-SO2NHR4) 
can be derivatized similarly to the primary or secondary carboxamide- 
containing drugs to give analogous compounds of formula (I) and are 
within the ambit of the present invention. The identity of the group in 
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the secondary amides and sulfonamides, like ihe R, giuup in formula (If), 
is immaterial in iliat it is of course pan of the drag residue itself and is 
left unciionged by derivatization in accord with this invendon. 

The compounds of formula (If) can be synthesized by reacting die 
5 drug DNHR4, widi a halo(opnonally substituted methyl)chloroformate to 
give an intermediate of the type 

O 

ri 

D-N-CO-CH-haiogen, 

• L 
R4 Rj 

10 O 

which can then be reacted with a silver or cesium salt of R,{^(OH)2, to 
afford a compound of the type 



D-N-<:<>CHP 

15 R. R^ "^R, 



That intermediate, which contains a linking group bearing a reactive 
-OH, can then be reacted with cesium floride or equivalent cesium salt 

O 
II 

and a compound of the fomuila ICBtOCR, in a suitable organic solvent 
20 as discussed hereinabove, to give the conesponding compound of formula 
(If). 

When required, the various protecting groups for hydroxyl, 
carfaoxyl and amino functions discussed above can be substinited for the 
hydroxy!, carboxyl and amino functions in the instant compounds or their 
25 precursor molecules by methods well-known in die art Most ftcquendy, 
the r Jtecting group will first be introduced into die drug molecule by 
well-known methods and die protected drug will dien be subjected to the 
processes described above for preparation of the instant compounds. 
Methods for chemical removal of the protecting groups (when such are 
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noi to be rciained in the phannaceutically useful end product) arc likewise 
well-known to those skilled in the art. Typically, amine protecting groups 
arc chemically removed by acidolysis (acid hydrolysis) or hydrogenation, 
depending on the parricular protecting group employed. Hydroxyl and 
5 carboxyl protecting groups are typically removed chemically by acid or 
base hydrolysis. Protecting groups which are incorporated into the 
pharraaceurical end product must be amenable to hydrolytic or metabolic 
cleavage in vivo. 

The starting materials needed for the various processes described 
10 above arc commercially available or can be readily prepared by known 
methods. 

ILLUSTRATIVE SYNTHETIC METHODS 
L Methods for Derivatiring -OH and -SH Functions in Dni^ 

METHOD A 

15 The drug containing a reactive hydroxyl or mercapto function is 

reacted with CH3P(0}Q2 (methyl phosphonic dichlonde) in a non- 
alcoholic organic solvent such as acetone, in the presence of sodium 
carbonate or other appropriate basic catalyst, to afford the intermediate 
phosphonic acid derivadve. The phosphonic acid intermediate is then 

reacted with cesimn fluoride and (CH3)3CCOCH2l in an organic solvent 
such as dimethylfonnamide to give the desired compound of formula (la) 
or (lb). The representative drugs depicted below ("Starting Material") 
may be derivatized in this maimer, first to the phosphonic acid 
25 intermediate C'lntermediate"), and then to the corresponding compound of 
formula Oa) or ab) ("Rnal Produa"). 
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In the process of METHOD A described above, the intcimediates 
and final products shown aie not always the only intermediates and final 
products obtained in significant amounts; yet other intermediates and final 
products of formulas (la) and (lb) may be obtained which are 
encompassed by the present invention. 

Thus, for example, when the dnig containing a reactive hydroxyl 
or mercapto function also contains a reacrive imide or amide function, in 
addidon to the major produa which is depicted above, there may be 
isolated a minor product in which the hydroxy function is derivatized as 
shown while the amide or imide function is acyloxyaikylated The minor 

O 

product will be produced in a larger amount if excess (CHsXCCOCHjI or 
analogous reagent is employed in the final step. In the case of 
zidovudine (A2T), the minor product resulting fiom METHOD A has the 
formula 




while the major product is that depicted with METHOD A. Drugs such 
as tiazofdrin, 5-FUDR (floxuridine), ribavirin, 6-azauridine, acyclovir, 3- 
deazaguanosine, ganciclovir (DHPG), 6-azauridine, idoxuxidine, trifluridine, 
dideoxyinosine (DDI), dideoxydehydrothymidinc, BVDU, FIAU, FMAU, 
FIAC, Ara-T, FEAU, selenazofurin and buciclovir (DHBG) may be 
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acyloxyalkylated at the amide or imide nirrogen in a similar manner to 
zidovudine; derivatives of this type are even more lipophilic than the 
major products depicted hexeinabove where the imide or amide group is 
umeacted. 

As another example, when the selected drug contains muldple 
reactive hydioxyi funcdons, a mixture of intermediates and final products 
may again be obtained. In the unusual case in which all hydroxy groups 
are equally reactive* there is not expected to be a predominant product 
(unless all would give the same product, e.g. ganciclovir)^ as each mono- 
subsdmied product will be obtained in ^jproximate by equal amounts, 
while a lesser amount of multiply-subsuruted product will also resulL 
Generally speaking, however, one of the hydroxyl groups will be more 
sascepdble to subsdmdon than the other(s), e.g. a primary hydroxyl will 
be more reacnve than a secondary hydroxyl, an unhindered hydroxy! will 
be more reacnve than a hindered one. Consequendy, the major product 
will be a mono-subsumted one in which the most reacdve hydroxyl has 
been derivaxized, while other mono-subsdmted and muldply-subsdmted 
products may be obtained as minor products. In this instance, too, 

O 

control of the amount of (CH3)3CCOCH2l or analogous reagent affects the 
amounts of the various products obtained. Dmgs which may afford other 
hydroxy-subsdmied (mono- or muldply-substituted) derivatives in addidon 
to diose depicted for METHOD A include pcniostarin (2'-dcoxycojBor- 
mycin), vidaiabme (Ara-A), 5-FUDR (floxuridine), cyiarabine (Ara-Q, 
apomorphine, morphirie, nalbuphine, nalorphine, buprenoiphine, (S)-9- 
(2,3-dihydroxyprqpyl)adeninc, ganciclovir (DHPG), idoxuridine, 
trifluridine, BVDU, FIAU, FMAU, FIAC, Ara-T, FEAU, cyciaradine, 
budclovir (DHBG), ethinyl estradiol, estradiol, ethynodid, cortisone, 
hydrocortisone, betamethasone, dexamethasone, fhunethastme, 
fluprednisolone, methylpredrusolone, mepredtusone, prednisolone, 
predrusone, tiiaincinolone, triamcinolone acetonide, cortodoxone, 
fludrocordsone, flurandrenolide, paramethasone and the like. 
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In the special instance in which the selected drug contains multiple 
reactive hydroxyl functions which axe positioned in such a manner diar 
they may forai an undcsircd cyclic product when subjected to the process 
of METHOD A, a syndicric route other than that of METHOD A may 
be generally picferrcd Thus, in the case of nucleoside-type antivirals and 
antineoplastics having hydroxyls at bodi the 2'- and 3'-posidons as well as 
ai the 5'-posirion, a product which is dcrivatized only at die 5'-posiaon 
(Lc. as depicted with METHOD A) is preferred, and such product is 
most advantageously produced by use of a iiansitory protecting group 
such as die aceionidc group described in METHOD F hercinbelow. 
Drugs such as dihydro-5-a2acyridinc, tiazofinin, 6-MMPR, S-azacytidine, 
ribavirin. S-deazaguanosine. d-azauridine, 5,6Kiichoro- l-p-D-ribo£uranosyl- 
bermmidazole, 5,7-dimethyl-2-p-D-ribofuranosyl-s-triazole (1,5- 
a)pyrimidinc, 3-dcazauridinc, 6-azauridinc, 3-dcazaaiisieromydn, 
neplanocin A, sclenazofurin and 3-dcazaadcnosine thus arc preferably 
subjected to METHOD F to afford die preferred S'-dcrivatizcd products 
depicted with METHOD A. 



METHOD B 

The process of METHOD A is repeated, except dial an equivaieni 
quantity of phenyl phosphonic dichloride is used in die first step in place 
of mediyl phosphonic dichloride. When each of die representative 
starring materials listed widi METHOD A is subjected to tiiis process, 
die inierawdiatc phosphonic add derivative has die partial formula 

O OH O OH 



•P instead of -P 



CH, 



as depicted in the inicnnediate colmmu and die final product of formula 
(la) or (lb) is as depicted in METHOD A, except tiiat the 



titll 
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O 
II 

O^OCHjOCC(CH0j 
CH, 



ponioii of the product is replaced with 



O 
li 

O OCHiOCC(CHj), 



in each instance. 

METHOD C 

The process of METHOD A is repeated^ except that in the second 

step the (CH3)3CCOCH2l rcactant is replaced with an equivalent quantity 

O 
II 

of CH3(CH2)4COCH2L When each of die representative starting materials 
listed with METHOD A is subjected to this process, each of the 
intermediate phosjphanic acid derivadves is as depicted in the intermediate 
colunin, while the corresponding final product of formula (la) or (lb) 
differs from that depicted in METHOD A in that die 



O OCHiOCCCCHj), 
-P 



CHj 



portion of each product is replaced with 
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O 
11 

O OCHiOC(CHj)«CH, 
P 

CHj 



METHOD D 

The process of METHOD A is repeated, except that in the second 
0 

step the (CR^CCOCRJ^ reactant is replaced with an equivalent quantity 

O CH, 

of CH3(CH2)4C0CHL When each of the representadve starting materials 
listed with METHOD A is subjected to this process, each of the 
intermediarc phospbonic acid derivatives is as depicted in the intermediate 
column, while the conesponding final product of formula (la) or (lb) 
differs from diat depicted in METHOD A in that the 



O 
II 

O ,OCH,OCC(CH,), 
11/ 

•\ 

CH, 



pordon of each product is replaced with 



I 

O ^OCHOC(CHi)4CH3 
11/ II 
•P O 



CH, 
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METHOD E 

This is a modification of the basic method described in 
METHODS A-b for drugs containing miildple hydroxyl substituents, 
particularly for the nucleoside-type antivixals and antineopiasdcs. The 
drug selected as the starting material contains one primary hydroxyl 
subsdment and one or more secondary hydroxyl substituents. When the 
drug is a nucleoside-type containing a ribofuranosyl grouping, the primary 
hydroxyl is in the 5'-position» while the secondary hydroxyl(s) is/are in 
the 2'- and/or 3 *posinon<s). Drugs of this type are exemplified by, but 
not limited to» vidarabine, cytaiabine, nbavirin, 3-deazagiianosine, 
idoxuridine, BVDU, FIAU, FMAU and the like. 

The selected nucleoside starting maseriai as described above is 
reacted with 4,4'-diincthoxytrityl chloride to give the 5^-(4,4'- 
dimethoxytrityl)ether dmvative. The 2'- and/or 3'-hydroxy group is then 
esterified by xeacnon widi a variety of add anhydrides such as pivaloyi, 
benzoyl, isobu^xyl or ace^i to give the 2^- and/or 3^-ester groupings. 
The resultant compound is then treated with acedc add to regenerate the 
5^hydroxy moieQr. The 2'- and/or 3^-protected compound with a &ee S''* 
hydroxy group is thereafter utilized as the starting material in the process 
of any of METHODS A*D to give the compound of the invendon with a 
phosphonate moiety at the 5'-posidon and protected ester gn)uping(s) at 
the 2'- and/or 3'-position(s). 

METHOD F 

A starting material with multiple hydroxyl subsuments is selected 
as described in die first paragraph of METHOD E, except Uiat the 
selected compound must contain hydroxyls at both the 2'- and 3'-posidons 
as well as the 5'-posidon, e.g. ribavirin, 3-deazaguanosine or the like, 
Reacdon with acetone gives the 2^3^*0-acetonide. That protected 
intermediate can dien be used as the starting material in the process of 
any of METHODS A-D, followed by. if desired, removal of the 
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acctonide protecting group with fonnic acid, to give the same compound 
of die invendon as depicted as die final product of METHOD A. 



METHOD G 



This is a variation of METHODS A-D used when die drug also 
contains one or more -CXX)H funcdon(s) which is/aie to be protected. 

The drug, e.g. a valproic acid metabolite such as 5-hydroxy.2-n- 
propylpentanoic acid, sermaiacin or die like, is first convened to the 
corresponding ethyl, t-buiyl or similar ester grouping by well-known 
esierificadon mediods. That ester is then used as die starting material 
and METHOD A, B, C or D is repeated to give die desired compound 
of the invendon. 

Methods fo r Derivatlang Imide or Amide Functions in D nn 

METHOD H 

The drug containing a reacdve amide or imide funcdonal group is 
reacted widi formaldehyde in die presence of potassium carbonate or odier 
suitable basic catalyst^ converting the 



\ o 

^NH or -C-NH 

% ^ 
O 



group in the imide or amide, respecdvely, to a 
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o 

N-CHjOH or -C-N-CH,OH 



grouping. The resultant drug with bridging group appended (hereinafter 
referred to as the "bridged drug") is then subjected to the two-step 
process as described in METHOD A above. Hie representative drugs 
depicted below ("Starting Material") may be derivatized in this manner, 
fint to the bridged drug (not shown), then to the phosphdnic add 
intermediate ("Intermediate") and finally to the corresponding compound 
of formula (Id) or (le) ("Final Product"). 

Obviously, the vaxianons of METHOD A described in 
METHODS B, C and D can be readily ^plied to the bridged drugs 
prepared in the &zst stq) of METHOD H, affording yet other compounds 
of formulas (Id) and (le). 
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METHOD I 

The process of METHOD H is repeated, except that acciaidehyde 
is used in the first step in place of formaldehyde. The bridged drug of 
the type 



cf o 




D ^N-CHOH or D-C-N-CHOH 

CH, R,CH, 

^0 



is then subjecied to the two-step process described in METHOD A to 
afford the corresponding compounds of fcamuias (Id) and (le). 

This process can be readily modified in the manner described in 
the final paragraph of METHOD H to give yet other compounds of 
formula (Id) and (le). 



m. Methods for DerivflriTin p Carboxvl F unctkms in Dni! 

METHOD J 

The drug containing a xeacuve carfaoxyl functional group is reacted 
with 1-chloroethyl chknosulfate to conven the -COOK group to a 
-COOCHa subsrimcnt, which is dien reacted widi the mono- or 

CH, O 

11 

di-cesium saU of CO^iOH)^ to afford the corresponding phosphonic acid 
intermediate. That intermediate is then subjected to die final step of die 
process described in METHOD A, using cesium fluoride and 

9 • 

(CHs)3CCOCH2l, to afford the desired con^und of formula (Ic). Hie 
reprcseniative drugs depicted below ("Starting Material'*) may be 
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deiivadzed in dds manner, first to the chioroethyi derivative (not shown), 
then to the phosphonic acid inteimediate ("Intermediate") and finally to 
the conesponding compound of fonnola (Ic) ('"Hnal Product"). 

Obviously, the foregoing procedure can be modified in many ways, 
e.g. by varying ^e final step as described in METHOD C, affording yet 
other compounds of formula (Ic). 
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METHOD K 



When the drug contaiiiing a leacdye caibdxyi functional group is 
sufficiently bulky, it can hinder the -OZ-O- bridging group. In such a 
case, Z can be, and preferably is selected to be -CHi-, and METHOD J 
is modified by leplacing the 1-chloroethyl chlorosulfate xeactant in the 
first step with chloromethyl sulfate, and otherwise proceeding as detailed 
in that method. Drugs such as oxacillin^ caxbcnidllin, benzylpeniciUin, 
hetacillin, nafidlKn, cloxacillin, cephalothin and cefoxitin can be 
derivadzed in this manner, first to the corresponding chloromediyl 
derivadve by converting the -COOH group to a -COOCHia group, then 
to the phosphinic acid intermediate of the partial structure 

O^OH 

and then to the desired compound of formula (Ic) having the partial 
formula 



O 
II 

O ^OCHiOCC(GH3)3 
-COO-Oij-OP ^ 

CH, 



This method can of course be naodified in many ways, e.g. by 
varying the final step as described in METHOD C. 
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rV. Methods fo r DgrivntiM ng Amino Functions in Drugs 

METHOD L 

The drag containiag a reactive amino functional group is reacted 
with l-chlonsethyl chloroformaic, 

O 
H 

a-co-c3i-ci. 
I 

CH, 

O CBj 

to replace a hydrogen atom of the drag's amino group with a -CO^-Q 
grouping. Subsequent reaction with the mono- or di-cesium salt of 
O 

Ciy(OH)2 affords the conesponding phosphonic add inteimediate. That 
intermediate is then subjected to die final stq> of the process described in 

O 

METHOD A. using cesium fluoride and (CH,),CCOCHJ, to affoni die 
desired compound of formula (If). ITie lepresentarivc drags depicted 
below ("Starring Material") may be derivaiizcd in diis manner, first to the 
1-chioroeriioxycarbonyl dcrivarive (not shown), then to die phosphonic 
add intermediate ("Imermediate") and finally to the corresponding 
axapotmd of formula (If) ("Final Product"). 

The foregoing procedure can be modified in many ways, for 
example by varying the final step as described in METHOD C, affording 
yet other confounds of formula (If). Further, when the drag is 
sufficiently bulky, the process of METHOD L may be modified by 
utilizing chloromethyl chloroftjnnate as the reactant in die first step. 
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METHOD M 

This is a variation of METHOD L used when the diug also 
contains one or more -COOH fimcuons which is/are to be pioiected 

The drug, e.g. GABA, nieiphalan, tryptophan or the like, is first ^ 
convened to the corresponding ethyl, i-buiyl or simiar ester grouping by 
well-known estcrificarion methods. That ester is then used as the starting * 
material and METHOD L is repeated to give the desired compound of 
the invendon. 



In order to further illustrate the compounds of the invcnrion and 
the methods for their preparation, the following synthetic examples are 
given, it being understood that same are intended only as illusctative, as 
many modifications in materials and methods will be apparent to those 

skilled in the art. 

In the examples to follow, all melting points were taken on a Mel- 
Temp apparanis and are not correcied. Elemental analyses were 
perforaied at Atlantic Microiabs, Inc*, Atianta, Georgia. 
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EXAMPLE 1 

A solution of tesiosieronc (5 g, 17.4 mmol) in dry pyridine (17 
noL) was added drop wise ai -3 to 0** C. over a 25 minute period to a 
stirred solution of meihylphosphonic dichloride, CHjPCOCli (4.6 g, 34.7 
5 . mmol). Tlie resultant mixture was stined for one hour at room 
temperamre, then poured into ice water, neutralized with sodium 
bicarbonate and extracted with two 175 mL portions of ether. The ether 
extracts were washed with 175 mL of saturated aqueous sodium 
bicarbonate solution. The aqueous layer was acidified with 4 N 
10 hydrochloric acid while cooling in an ice bath* The flask was stored in a 
refrigerator overnight. The white precipitate which formed was removed 
by filtranon, washed with cold water and dried imder vacuum at 50 to 
6(rC. Yield 4.31 g, 68%. Reoystallizarion of a pordon of the product 
with aqueous methanol gave crystals melting at I98-20r C. NMR values 
15 were consistent with the assigned strucmre: 

O 

_ II 



EXAMPLE 2 

* 

The phosphonic acid derivative produced in EXAMPLE 1 (4.3 g, 
11.7 mmol) was dissolved in 2 N aqueous sodium hydroxide solution 
(6.16 mL, 12.32 mmol). A few drops of phenolphthalein solution were 
20 added and the alkalin e solution was neutralized wiui 2 N nitric acid until 
the red color due to phenolphdialein disappeared. Then, a solution of 
silver nitrate (2.0 g. 11.7 namol) in 6 mL of water was added in die dark. 
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The resultant mixture was allowed to stand in the dark overnight The 
precipitate which formed was removed by filcradon and washed with cold 
water, also in die dark. The grayish white material was dried in vacuo in 
the dark at 60 to 80" C. and was used in the procedure of EXAMPLE 3 
below without further purifxcarion. The crude silver salt, obtained in 98% 
yield (5.47 g), had the siracniral formula: 




EXAMPLE 3 



10 



15 



Sodium iodide (2473 g» 165 mmol) was added to a soludon of 
chloromcihyi pivalate (5 g, 33 mmol) in dry acetone (40 mL). The 
mixture was stirred for 4 hours at room temperature. Insoluble materials 
were removed by filtradon and washed with firesh acetone* The filtrate 
was evaporated, and hexanc and 5% aqueous sodium' thiosulfate solution 
were added to die residue. The mixture was dicwDUghly shaken, dien the 
orgaidc layer was separated and washed wi± 5% aqueous sodium 
diiosulfate soluripiL Drying over sodium sulfate, followed by evaporadon 
of die solvent, afforded 7.03 g (88% yield) of yellow liquid which was 
used in the procedure of EXAMPLE 4 without further purificadon. The 
structure of die product, (CH3)3CC00C:HJ, was confirmed by NMR 
analysis^ 



20 



EXAMPLE 4 



Crude iodomethyl pivalate (160 mg, 0.66 mmol) was dissolved in 
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2 mL of benzene and washed successively with 5% aqueous sodium 
thiosulfate (1 mL) and water (1 mL x 3) and dried over anhydrous 
sodium sulfate. That soiudon was dropped into a stirred suspension of 
the silver salt obtained in EXAMPLE 2 (250 mg, 0.53 mmol) in 5 mL 
5 of diy benzene under nitrogen in the dark over a seventeen minute period. 
The resultant mixture was stirred at room temperature ovcmighi. 
Insoluble materials were removed by filtration and the filtrate was 
washed, once with sodium thiosulfate soiudon and three times with water, 
then dried over magnesium sulfate. Evaporation of the solvent gave a 
10 yellowish viscous oil. The crude product was purified by column 

chromatography on silica gel, using 1:1 hcxane-cdiyl acetate as eluent A 
siighdy yellow viscous oil was obtained in 31% yield (80 mg). NMR 
values were consistent with the assigned stnictuie: 



O 0 
II II 




3 



O 



EXAMPLE 5 

15 To a mixture of hcxanoyl chloride (25 g, 0.186 mol) arai 

paiafomoaldehyde (5.58 g, 0.186 mol) in an ice bath was added a 
catalytic quantity (550 mg) of zinc chloride. An exodiermic icaction 
resulted. After the reaction subsided, the nrixiure was heated at 90 to 
100* C for 4.5 hours. Piaification by reduced distillation gave 22.79 g 

20 of the desired conapound as a coloriess liquid in 75% yield, boiling point 
37~40» CJ0.55 mm. NMR analysis confirmed the identity of the product 
as chloromethyl hexanoate, CH3(CHj)4COOCH2CL 
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EXAMPLE 6 

Chloromethyl hexanoate (205 mg, 125 mmoi) was stiired with 
sodium icxiide (900 mg, 6.0 mmoi) in 3 mL of dry acetone for 4 hours at 
room temperatiffc. Work-up followed the procedure detailed in 
5 EXAMPLE 3 above for the preparanon of iodomeifayl pivalate. 

lodomeihyl hcxanoaie, CH3(C3y4COOCH,I, was obtained as a yeUow oil 
in 78% yield. NMR values were consistent with the assigned stracmre. 

EXAMPLE 7 

The silver salt prepared in EXAMPLE 2 (4.55 g, 9^66 mmoi) was 
10 suspended in 60 mL of dry benzene. To the srirrcd suspension was 

added a solution of iodomethyl hexanoate (2.95 g, 11-52 mmoi) in 15 mL 
of dry benzene at room temperature under a stream of nitiogen in the 
dark over a 30 minute peiiod. The resultant mixture was stirred at room 
temperature overnight Insoluble materials were removed by filtration and 
15 the filtrate was washed, first with 5% aqueous sodium thiosolfaie soludon 
and then three dines with water. The organic layer was dried over 
anhydrous magnesium sulfate and ±en evaporated to give an oily crade 
product. The crude product was purified by column chromatography on 
silica geU using first 2:3 hexane-ethyl acetate and then 3:1 
20 dichloromeihane-cthyl acetate as ehients. Obtained in this manner as a 
pale yellow viscous oil in 21% yield (1.11 g) was the desired 
phosphonate derivative of the formula 

q O 

11 il 

0-P-OCH20C(CH2},CH3 

CH3 
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NMR values were consistem with the assigned smicmre. Anal. caiccL for 
C^30,P: C, 65J7; H, 8.76. Found: C, 65.38; H, 8.84. 

EXAMPLE 8 

Zidovudine (10.0 g, 37.4 nunol), sodium carbonate (11.9 g, 112 
5 mmol), mcthylphosphonic dichioiide (14.9 g, 112 moi) and acetone (50 
mL) were combined under a stream of nitrogen, and die mixture was 
stirred at room tempeninire for 17 hours. To the ice-cooled, sdrred 
residual mixture, water (4.0 mL, 225 mmol) was added dropwise, 
followed by 60 mL of methanol. To the resultant suspension was added 

10 Florisil* (100 g), and the mixmre was evaporated to diyness. The crude 
material was purified by column chromatography on Florisil* (200 g) with 
dichloromethane-medianol (20-1:1, gradadon) as an eluent to give 4.33 g 
of a crude amorphous solid. The crude solid was dissolved in methanol 
(21.6 mL), then 216 mL of edier were added. The precipitate which 

15 fanned was collected by filffadon and washed with ether. The resulting 
pale yellow amorphous solid was dried in vacuo and used in the 
procedure of EXAMPLE 9 widiout further purification. Yield 3L3% 
(4.05 g). NMR values were consistent widi the assigned structure: 



O 




^3 

EXAMPLE 9 

20 The phosphonic acid derivative produced in EXAMPLE 8 (4.50 g. 
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13 nimol), cesium fluoride (4.41 g, 29 mmoi), freshly prepared 
iodometfayl hexanoate (6.68 g, 26 mmoi) and dimeihylformamide (45 mL) 
were mixed under a stream of nitrogen and stirred at room tcmpeiature 
for 19.5 hours. The reaction mixture was then poured into 300 mL of 

5 edwr and washed successively with water (100 mL), 5% aqueous sodium 
thiosulfate solution (100 mL) and again with water (100 mL). Each 
aqueous layer was extracted with one 100 mL pornon of ether. The ether 
layers were combined, dried over magnesium sulfate, ffltcred and 
concentrated to give 3.95 g of brown oiL The crude material was 

10 purified by column chromatography on silica gel (40 g) using hexane- 
eihyl acetate (1 to -0:1, gradation) as duent to give 1.03 g of a slighdy 
yellow viscous oil (16.7% yield). The product, whose structure was 
confirmed by NMR and elemental analyses, had the fotmuia: 

o 

1.5 HjO 

o q 
li II 

CH jO-P-OCH jOC ( CH 2) j,CH 3 
CH3 




Anal, caicd. for G„H„NjO„P: C, 43.20; H, 6SL4; N, 13.99. Found: C 
15 42.94; H, 5.95; N, 14.12. 

EXAMPLE 10 

Hexanoyl. chloride (5 J mL, 37 mmoi) and acetaldehyde (42 mL, 
74 nunol) were combined under a stream of nitrogen and stirred in an ice 
bath. To that solution was added a catalytic quantity of zinc chloride. 
20 Within 30 seconds, an exothomic reaction (-8° C -> 43" C.) occuircd. 

The reaction mixture was maintained in an ice bath for 30 minutes, then 
was poured into 100 tnL of hexane. The hexane solution was washed 
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successively with saturated aqueous sodium bicarbonate solution (2 x 50 
mL) and saturated aqueous sodium chioiide solution (SO inL). The 
organic layer was separated, dhed over magnesium sulfate, filtered and 
concentrated to give 7.81 g of T-chloroethyl hexanoate, 
5 CHj(CHj)4COOCH(CH3)a, as a slightly yellow oil. It was used in the 
procedure detailed in EXAMPLE 11 below without further puiificadon. 
NMR analysis confirmed the idendty of the pnxiucL 

EXAMPLE 11 

Sodium iodide (27.9 g, 186 mmol) and acetonitiile (39 mL) were 
10 combined under a stream of nitrogen and stiired at a temperature below 
10" C. To that solution was added dropwise T-chloroethyl hexanoate 
(7.80 g) in 39 mL of acetoninile at a temperature below 10° C. The 
reacdon mixmre was stined for 3 days at 0* to 10* C Insoluble 
materials were removed by filtradon and washed with acetoniaile. The 
15 filtrate was evaporated and bexane (100 mL) and water (100 xnL) were 
added to the residue. The mixture was thoroughly shaken, then the 
organic layer was separated and washed successively with 5% aqueous 
sodium thiosulfate soludon (100 mL x 2) and water (1(X) mL). Each 
aqueous layer was extracted with one SO mL portion of hexane. The 
20 hexane layers wcxe combined, dried over magnesiimi sulfate, filtered and 
concentrated to give 7.77 g of yellow oil (77.5% yicsld). The crude V- 
iodoediyl hexanoate, CH9(CH2)4CXX)CH(CH3)I, was used in die procedmc 
of EXAMPLE 12 without further purificadon. NMR analysis confirmed 
the idendty of the product. 

25 EXAMPLE 12 

The phosphonic add derivadve.of testosterone prepared in 
EXAMPLE 1 (2.20 g, 6 nmnol), r-iodoeihyl hexanoate (3.24 g. 12 
mmol)» cesiimi fluoride (2.01 g, 13.2 mmol) and dimethylformamide (22 
mL) were combined under a stream of nitrogen. The mixture was sdrred 
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in a waua- bath for 3 days. Work-up foUowed the procedure detailed in 
EXAMPLE 9 above for the prepaiadon of the zidovudine derivative. 
Tbc crude maieiial was purified by column chromatography on silica gel 
(42g). using 1:1 hexane-ethyl acetate as elueni, to give 039 g (118% 
yield) of the desired product of the formula 




0 O 

1 il 

0-P -O-CHOC ( CH -) -CH r, 
H,C I I 2 i 



CH3 CH3 



0.5 HjO 



The identity of the product was confirmed by NMR and elemental 
analyses. AnaL calcd. for Q.H^O^: C. 64.98; H, 9.01. Found: C. 
64.97; H, 8.96. 



10 



•Bminary biological tests have ueen com 
,^ nhncnhnnate nrenared in EXAMPLE 



(AZD phosphonaiB prepared in EXAMPLE incuoanon 01 u« 
testosterone phosphonate in various organ homogenaies leads to a rapid 
decomposition of the acyloxyalkyl phosphonate ester. THe half-life of the 
material is approximately 320 seconds in lai blood. 460 

15 brain homogenate and 120 seconds in rat liver honoogenate. TTie 
disappearance of the ester is associated wirii the appearance of the 
testosterone methyl phosphonate. In a preliminary in vivo study, 
conversion of die administeied acyloxyalkyl phosphonate of testosterone to 
both testosterone and testosterone methyl phosphonate was detected in 

20 various organs, and specifically in die brain. In the case of the 
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zidovudine derivadve* the mediyi phosphonate deiivadve was similarly 

detected in the brain. 

The compounds of fonnula (I) which are provided by this 
invendon are typically administered to mammals by incorporating the 
selected compound into a pharmaceudcal composition cotqirising the 
compound or a non-toxic phamiaceudcally acceptable salt thereof and a 
non-toxic pham[iaceuucally acceptable caiiier therefor. The coDq)ound or 
its salt is employed in an effecdve amount, Le» an amount sufficient to 
evoke the desired pharmacological response. The C(nq)ounds of the 
invendon axe designed to elicit the kind of pharmacological response 
which would be obtained by delivery of the parent drug itself to the 
desired site of acdon, especially to the brain. Thus, for example, when 
the pazeni dmg is an andviral, die denvadve of formula (I) will be 
administered in an amount sufficient to elicit an andviral response; when 
the parent drug is an antineoplasdc, the dcrivauve of fomiula (I) will be 
employed in an amount sufficient to elicit an antineoplastic, i.e. anticancer 
or andtumor, response; when the parent drug is an andbiotic, the 
denvadve of foimula (I) will be used in an amount suf5cient to evoke an 
antibiodc response; when the parent drug is a steroid sex hormone, the 
derivadve of formula (I) will be used in an amount sufBcient to evoke an 
androgenic or estrogenic or progestational effect (depending on the 
idendty of the parent drug); when the parent drug is an antiinflammatory 
agent, the derivative of formula (I) will be administered in an amount 
sufficient to elicit an antiinflammatory response; and so forth. 

Suitable non-toxic phaxmaceutically acceptable carriers for use with 
the selected compound of fonnula (I) will be apparent to those skilled in 
the art of pharmaceutical fcxmuladon. See, for exanq)le, Remington's 
Pharmaceudcal Sciences^ seventeenth edition, ed. Alfonso R. GeimazD, 
Mack Publishing Company, Easton, PA (1985). Obviously, the choice of 
suitable carriers will depend upon the exact natiue of the particular 
dosage form selected, as well as upon the identity of the compoimd to be 
administered. The therapeutic dosage range for a compound according to 
this invention will generally be the same as, or less than, that which 
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would characteristically be used for administration of the parent drug 
itself. Naturally, such therapeutic dosage ranges will vary with the 
pardcular compound of formula (I) used, the size, species and condidon 
of the subject, the severity of the subject's condidon, the pardcular 
5 dosage form employed, the route of administradon and the like. And the 
quannty of given dosage form needed to deliver the desired dose will of 
course depend upon the concentranon of the confound of formula (I) in 
any given pharmaceutical composidon/dosage torm thereof. In addidon, 
to further enhance the site-specificity of the compounds of the invendon, 

10 the acdye ingredient may be formulated into a sustained release carrier 

system and/or a route of administradon may be selected to slowly release 
the chemical, e.g. subcutaneous implantadon or transdermal delivery. 

Routes of administradon contemplated for the compounds of 
formula (D and pharmaceudcal composidons contairung them are any of 

15 the routes gencrafly used for treatment of the types of conditions for 
which the parent drugs are administered. These include parenteral 
(intravenous, intramuscular, subcutaneous), vaginaU rectal, nasal, oral and 
buccal routes. Appropriate dosage forms for these routes of 
administradon wiU be apparent to those skilled in the art. 

20 Obviously, in the case of diagnostic agents, the dosage of the 

formula (I) compound used will be a quandty sufficient to deliver to the 
target body area an amount of radioisotope, stable isotope or the like 
which can be effectively detected by tadioimaging or other detection 
means. Hie amount of radioisotope, stable isotope or the like present in 

25 die dosage form will be within or below die ranges conventionally used 

for diagnostic purposes. 

While the invention has been described in terms of various 
preferred embodiments, the skilled artisan will appreciate that various 
modifications, substimtions, omissions and changes may be made without 
30 departing from die spirit th^of. Accordingly, it is intended that the 
scope of the present invention be limited solely by the scope of the 
fallowing claims. 
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WHAT IS CLAIMED IS ; 

I. A compound of the fonnula 



Rj O 
I il 

O OCH-OCR, 

[DJ— P. (I) 



or a phaimaceutically acceptable salt thereof, wherein [D] is the residue 
5 of a drug having a reactive functional group, said functional group being 
attached, directly or through a bridging group, via an oxygen-phosphorus 
bond to the phosphorus atom of the 




moiety; Ri is C,-C, alkyl, Q-Qo aryl or Q-C^ aialkyl; is hydrogen, 
10 CrQ alkyl, Q-Qo aiyl, C4-Q hetcroaiyl, Cj-Q cycloalkyl. C,-Q 
cycloheteroalkyl or Q-Cn aralkyl; and R, is selected from the group 
consisting of CrQ alkyl; Q-Cy aikenyl having one or two double bonds; 
(Q-Q cycloalkyO-CjH^r* whmin r is zeco^ one, two or three, the 
cycloalkyl portion being unsubsdtuted or bearing 1 or 2 C1-C4 alkyl 
1 5 substituents on the ring portion; (Ce^Cio aryloxy)C,-CB alkyl; 2-, 3- or 4- 
pyridyl; and phenyl-CrH2r~ wherein r is zero^ one, two or three and phenyl 
is unsubsdtuted, or is subsdtuted by 1 to 3 alkyl each having 1 to 4 _ 
carbon atoms, alkoxy having 1 to 4 carbon atoms, halo, ttifluoromethyl, 
dialkylaniino having 2 to 8 carbon atoms or alkanoylamino having 2 to 6 
20 carbon atoms. 

2. A compound of the fonnula 
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R, O Ri O 

r " I " 

O ^OCH-OCR, O OCH-OCR, 

D-o-S^ or D-s-l::;^ 

^R, (la) Ri (lb) 

or a phaimaceuricaUy acceptable salt thereof, whciein D-O- is the residue 
of a drug having a leaciive hydioxyl fimctional group, the oxygen atom 
of said funcdonai group being bonded to die phosphoms atom of die 



O .OCH " 



R, O 
II 

-OCR, 



R. 



moiety; D-S- is the residue of a drug having a reacdve mcrc^to 
funcdonai group, die sulfiar atom of said funcdonai group being bonded to 
the phosphorus atom of the 

R, O 

• il 

O -OCH-OCR, 



R, 



moiety, R. is C.-C, alkyl C6-C,o aryl or Q-C^ aralkyU R, is hydrogen, 
C-C, alkyl, Q-Qo aryl, C-C, heteroaryl C-C, cydoalkyl, Q-C, 
cycioheteroalkyl of Q-Cu aralkyl; and R, is selected ftom die grcH^) 
consisdng of C,-C, alkyl; Q-C, alkcnyl having one or two double bonds; 
(Q-C cycloa]kyI)-C^2r- whocin r is zero, one, two or tiiree, die 
15 cycioalkyl ponicm brang unsubstimted or bearing 1 or 2 CrQ allqrl 

subsdtuents on die ring portion; (Q-C„ aryioxy)CrC, alkyl; 2-, 3- or 4- 
pyridyl; and phenyl-Cyijr- wherein r is zero, one, two or three and phenyl 
is unsubsdmted, or is substimted by 1 to 3 alkyl each having 1 to 4 
carbon atoms, alkoxy having 1 to 4 carbon atoms, halo, trifluoromcdiyl. 
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dialkyiamino having 2 to 8 carbon atoms or alkanoylamino having 2 to 6 

carbon atoms. 

3. A compound according to Claim 2, wherein R, is methyl 

4. A compound according to Claim 2, wherein Rj is hydrogen. 

5. A compound according to Claim 2, wherein R, is CrQ alkyL 

6. A compound according to Claim 5, wherein R, is iCH^C' or 
CH,(CHa)4-^ 

7. A compound according lo Claim 2, having fomuila (la). 

8. A compound according to Claim 7, wherein D-O- is the 
residue of a drug having a reactive hydroxyl functional group, said drug 
being selected from the group consisting of steroid sex hormones, 
antivirais, tranquilizers, andconvulsants, antineoplastics, hypotensives, 
antidepressants, narcoQc analgesics, narcotic antagonists and 
agonist/antagonists, CNS anticbohncrgics, srimuiants, anesthedcs, 
antiinflammatory steroids, nonsteroidal antiinflammatory agents/analgesics, 
andbiodcs and CNS prostaglandins. 

9. A compound according to Claim 8, wherein the drug is an 
androgenic, estrogenic or progestational steroid sex hormone or an 
aiminflammatory steroid. 

10. A compound according to Claim 9, wherein the drug is 
testosterone, methyl tcstostmnc, mcsQ:anol, quinestrol, ethinyl estradiol, 
estrone, estradiol, estiiol, estradiol 3*methyl ether, estradiol benzoatc, 
norgestrel, norethindrone, ethisterone, dimethisterone, allylestrenol, 
cingestol, eriiyncrone, lynestrenol, norgesterone, norvinisterone, ediynodiol, 
oxogestone, dgestol, norethynodrel, cordsone, hydrocQrtisone, 
betamethasone, dexanoethasone, flumethasone, flupzednisolone, methyl 
prednisolone, meprednisone, prednisolone, prednisone, triamcinolone, 
triamcinolone acetonide, cortodoxone, fludrocortisone^ flurandrenolide or 
paramethasone. 

11. A compound according to Claim 8, wherein the drug is an 
andviral or an antineoplastic. 

12. A compound according to Claim 11, wherein the antiviral or 
antineoplastic is of the nucleoside type. 
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13. A compound according lo Oaim 12, wherein ihe drug is 
zidovudine, ribavirin, (S>9-(2,3-dihydroxypropyl)adenine, 6-azaaiidine, 
acyclovir, 5,6-dichlQro-l-P-D-ribofuranosylbcnzimid2zoie, 5,7-dinaeihyl-2- 
p-D-ribofuranosyl-s-triazole (l,5-a)pyriiiiidinc, 3-deazauiidine, 3- 
dcazaguanosine, ganciclovir, 6-azaiiridine, idoxuridinc, dideoxycyddine, 
nifluiidine, dideoxyinosine, dideoxydehydrothymidine, dideoxyadenosine, 
BVDU, FIAU, FMAU, FIAC, Ara-T, FEAU, cyclaradine, 6-deoxyacyclo- 
vir, 3-deazaaristerpmycin, neoplanodn A, buciclovir, selenazofmin, 3- 
deazaadenosine, cytarabine, 5-FUDRt vidaiabine, nazofuiin, 3''-fluoro- 
2',3'-didcoxythyniidine, l-(23-dideoxy-P-D-gIyccrD-pcnt-2- 
enofuranosyl)thyniine, 3'-fluoro-2',3'-didcoxy-5-chlDrDuridinc, 5-(2- 
chloroetfayl)-2'-deoxyuridine, 5-ethyl-2'-dcoxyuridine, 5-(l-hydroxy-2- 
chloroeihyI)-2'-deoxyuridinc 5-(l-meihoxy-2-bromoetIiyl)-2'-deoxyuridine, 
5-{l-hydroxy-2-brpnio-2-fethoxycarbonyl)ethyl)-2'-deoxyiiridine, 5-<l- 
hydroxy-2-iodo-2-{edioxycarbonyl)ediyi)-2'-dcoxyuridine, 3-a2ido-2'.3'- 
dideoxy-S-bromouiidine/ 3'-a2ido-2',3'-didcoxy-5-iodouiidinc, 3'-azido- 
2',3'-didcoxy-5-n3ediyluridine, 3'-fluoio-2'3'-dideoxyuridinc, Aia-AC, 
pentostadn, diliydio-5-azacyddine, sangivamydn, 6-MMPR, azaciddine, 
uridine, thymidine, cyclocyudine, tridribinc or fludrabine. 

14. A compound according to Claim 13, wherein the drug is 
zidovudine. 

15. A compound according to Claim 2, having the structural 
formula 



o 
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16. A compound according to Claim 2, having the sorucniral 

fonxiula 



o o 




or 



17. A compound of the formula 
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-no- 



lo 



O Q ^OCHi-OCR, 



II 

D-C-O-Z-O-P 




R, (Ic) 



or a phannaceudcally acceptable salt thereof, wherein D-C- is the residue 
of a drug having a reactive caiboxyl functional gRMip, die carboxyi 
carbon atom of said funaianai groap being linked, via an -0-2M> 
biidging group, to the phosphorus atom of the 



O 
II 

O ^OCHi-OCR, 
11/ 



moiety; whciein Z is *al^lene- wherein the alkylene group contains 

15 k 

1 to 3 carbon atoms and R; is defined below; or Z is Q-Q cycloallqrlcnc 
in which two adjacr^T ring carbon atoms axe each bonded to a different 
oxygen atom in the -OZ-O- bridging group; Ri is CrCi alkyl, C^-C^ aryl 
or Q-Ctt aralkjrl; Ri is hydrogen. Q-Cs alkyl, Q-Qi aryl. C4-Q 

20 heteroaryU C,-Q cycloalkyl, Q-C, cyclohetcroalkyl or Q-C^ aralkyi; and 
R3 is selecicd ftom the group consisting of Q-Q alkyl; Q-Q alkcnyl 
having one or two double bonds; (C,-C, cycloalkylHZ^jr- wherein r is 
zero, one, two or three, die cycloalkyi portion being unsubstituted or 
bearing 1 or 2 Q-Q alkyl substimenis on the ring portion; Q-Cio 

25 aryioxy)CrC, alkyl; 2-, 3- or 4-pyridyl; and phenyl-Cft^- wherein r is 

zero. one. two or three and phenyl is unsubstimted, or is substimted by 1 
to 3 alkyl each having 1 to 4 carbon atoms, alkoxy having 1 to 4 carbon 
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atoms, halo, trifluoromeihyl. diaikylamino having 2 to 8 carbon atoms or 
alkanoylamino having 2 to 6 carbon atoms. 

18. A compound accOTding to Oaim 17, wherein R, is methyi 

19. A compound according to Claim 17, wherein Z is -CHj- 

5 or -CH-. 
I 

CH, 

20. A compound according to Claim 17, wherein R, is Q-Q 

alkyl. 

21. A compound according to Claim 20, wherein R, is (CHXC- 
10 or CH,(CH,)4-. 

O 

22. A compound according to Claim 17. wherein D-C- is die 
residue of a drug having a reacdvc carboxyl functional group, said drug 
being selected from die group consisting of anticonvulsants, 
andncqjlasncs, antibiotics, diagnostics and nonsteroidal antiinflammatory 

15 agents. 

23. A cotxqmund according to Oaim 22, wherein die drug is an 
antibiotic. 

24. A compound according to Oaim 23, wherein die antibiotic is 
of the peiucillin type. 

20 25. A conqwund according to Claim 24, wherein die drug is 

amoxicillin, phenoxymcdtylpcnicillin. benzylpenicilliH. dicloxadllin. 
carbenidllin, oxacillin, cioxadllin, hetacillin, medndllin, nafcillin, 
ticartnllin or epidllin. 

26. A compound of the formula 




c o och-cx:r, 



25 D ^N-CH-O-P 




k "R, (H) 
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R, O 

O O OCH-OCR, 

II llx^ 
or D-C-N-CH-OP 



R,^^ R, (fc) i 



/J' 



or a phannaceurically acceptable salt thereof, wherein D ^N- is 
the residue of a drug having a leactive imidc functional group and 

the nitrogen atom of the imidc or amide functional group being linked, 
via a -CH-O bridging group, to the 

1 0 phosphorus atom of the 



^ i? 

O .OC2i-OCR, 



11/ 

-P. 



moiety, R, is Q-C, alkyl, C^-C„ aryi or Q-Cb aralkyl; each of the 
groups, wMch can be the same or difeicnt, is hydrogen, C,-Q allqrl, C6- 
Qo aryl, Q-Q hetcroaryl, Q-C, cycloaliyl, C,-C, cydohctcroalkyl or C,- 
1 5 Ctt aralkyl; and R^ is selected firom the group consisting of Q-C, alkyl; 
Q-C, alkenyl having one or two double bonds; (Cj-C, cycloalIq'l)-CjH2t- 
whcrein r is aab, one, two or three, the cycloalkyl portion being 
unsubsiitaied or bearing 1 or 2 C,-C« alk^l subsiiments on the ring 
portion; (Q-C,o aryloxy)CrC, alkyl; 2-. 3- or 4-pyiidyl; and phenyl- 
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CjH2r" wherein r is zero, one, two or three and phenyl is unsubstinitcd, or 

is substituted by 1 to 3 alkyi each having 1 to 4 carbon atoms, alkoxy 
having 1 to 4 carbon atoms, halo, trifluoromethyl, dialkylamino having 2 
to 8 carbon atoms or alkanoyiamino having 2 to 6 carbon atoms. 
5 27. A conq>ound according to Claim 26, wherein is methyl. 

28. A compound according to Claim 26, wherein is hydrogen 
at each occurrence. 

29. A compound according to Claim 26, wherein is C,-C, 

alkyl. 

10 30. A compound according to Claim 29, whcrcm R, is (CH^^C- 

or CH,(CH,V. 

31. A compound according to Claim 26, wfaezein D N- 

J ^ 

or D*C-N- is the residue of a drug having a reacdve imide or amide 

15 JL 

funcdonai group, said drug being selected fiom die group consisting of 
tranquilizers, sedadves, andconvulsants, hypnotics, ariiineoplasdcs, 
andvirals, andbiotics, barbiturate antagonists, stimulants, antihypertensives 
and antidepressants. 

20 32. A coQq>ound according to Claim 31, wherein the drug is a 

tranquilizer, anticonvulsant or sedadve. 

33. A compound according to Claim 32, wherein the tranquilizer, 
anticonvulsant or sedadve is of the hydantoin-Qrpe or the barbiturate type. 

34. A compound according to Claim 33, wherein the drug is 
25 phenytoin, phenobarbital, amobarbital or butalbitaL 

35. A compound of the formula 

O 

« V 

_ C-OCH-O-K 

k Ra R, m 



O Q ^OCHi-OCRj 

D-N-C-OCH- 
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or a phaimaceudcaily acceptable salt thereof, wherein D-N- is the 

residue of a drug having a icacdve primary amino or secondary amino 
funcrional group, die nitrogen atom of die amino 

O 

funcrional group being linked, via a -i!-0-CH-0 bridging group, to 



the phosphonis atom of the 



O 
It 

O .OCHrOCRj 
11/ 



moieiy. R, is CrQ alkyl, Q-Qo aiyl or Q-Ca aralkyl; 
Ci-C, alkyl, Q-Cw aryl hetcroaryl. C,-Q cycloalkyl, Q-Q 
cycioheieroallq^l or Q-Cn aralkyl; and R3 is selected from die group 
consisdng of Q-Q alkyl; Q-Q alkenyl having one or two double bonds; 
(C3-C7 cycloalkyO-CjHjj- wherein r is zero, one, two or three, die 
15 cycloalkyl porrion being unsubsritutcd or bearing 1 or 2 Q-C* alkyl 

subsriwents on die ring porrion; (Q-C,o aryloxy)CrG;8 alkyl; 2-, 3- or 4- 
pyridyl; and phcnyi-CjH2r"- wherein r is zero, one, two oar tiiree and phenyl 
is unsubsritutcd, or is substimtcd by 1 to 3 alkyl each having 1 to 4 
carbon atoms, alkoxy having 1 to 4 carbon atoms, halo, trifiuoromethyU 
20 dialkylamino having 2 to 8 carbon atoms or aUcanoylamino having 2 to 6 
carbon atoms. 

36. A compound according to Claim 35, wherein Ri is methyL 

37. A compound according to Claim 35, wherein Rj is hydrogen 

or methyl. 

25 38. A compound according to Claim 35, wherein R, is Q-Q 

alkyl. 
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39. A compound according lo Claim 38, wherein R, is {CH^iC- 
or CHaCCHJr. 

40. A conapound according lo Claim 35, wherein D-N- is the 

R4 

5 residue of a drug having a reacuve primary amino or secondary amino 
funcdonai group, said drug being selected from the group consisting of 
GABAergic agents, antineoplasdcs, cerebral sdmulants, appedte 
suppressants, MAO inhibitors, tricyclic antidepressants, decongestants, 
narconc analgesics, andvirals, neurotransmitters, small pepddes of 2 to 20 
10 amino acid units, dopaminergic agents and andbiodcs. 

41. A compound according to Claim 40, wherein the drug is an 
andviral. 

42. A compound according to Claim 41, wherein the andviral is 
amantadine or rimantadine. 

15 43. A compound according to Claim 40, wheiiein die drug is a 

small peptide. 

44. A compound according to Claim 43, wherein the small 
peptide is an enkephalin or an endorphin* 

45. A method for site-specifically and sustainedly delivering a 
20 drug species to a target organ, comprising administering to an animal in 

need of such treatmeiu a quandty of a compound as claimed in C}nm i 
sufficient to release a phannacologically effecuve amount of said dmg 
species to the target orgaxL 

46. A method for site-specifically and sustainedly ddivcring a 
25 centrally acdng drug species to die brain, compnsing administering to an 

animal in need of such treatment a quandty of a compound as claimed in 
Qaim 1 wherein [D] is the residue of a centrally acting dmg having a 
reacdve funcdonai group, said quanti^ being sufficient to release a - 
pharmacologicaUy effecdve amount of said centrally acting dmg species 
30 to the brain. 

47. A method according to Qaim 45, wherein the compound is 
administered in the form of a pharmaceutically acceptable sustained 



s 
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reiease composmon or wherein the compound is adminisiocd via a route 
of administration enable of slowly releasing the compound into the body. 

48. A pharmaceutical composition of matter, in unit dosage form, 
for use in delivering a pharmacologically efGecrive amount of a drug 

5 species to a tar^t organs said composition conqnising: ^ 

(i) an amount of a compound as claimed in Claim 1 sufficient to 
release a pharmacologically efiGective amount of a drug species to the 

target organ; and 

(ii) a nontoxic pharmaceutically acceptable caiiier therefor. 

49. A pharmaceutical composition of matter, in unit dosage foraj, 
for use in dcliycgring a pharmacologically cffecdvc amount of a centtally 
acting drug spedes to die brain, said composition comprising: 

(i) an amount of a compound as claimed in Claim 1 wherein [D] 
is the residue of a centrally acting drug having a reactive functional 

15 group, said amount being sufficient to release a pharmacologically 
effective amount of a ccnirally acting drug species to the brain; and 

(ii) a nontoxic pharmaceutically acceptable carrier therefor. 

50. A pharmaceutical composition as claimed in Claim 48, said 
composition being formulated for sustained release. 

20 51. A process for the preparation of a conq)ouiid of fomaula (I) 

as claimed in Claim 1, said process conqjiising reacting a phosphonic 
acid derivative of the formula 

11/ 

wherein PI and Rt are as defined in Claim 1, with cesium fluoride or an 
25 equivalent cesium salt and a corr^und of die fonnula 



O 
II 

RaCOCH-I 

k 
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wherein R3 and are as defined in Claim 1, in an organic solvent. 

32. A process for the preparation of a compound of formula (la) 
as claimed in Qaim 2, said process comprising reacting a phosphonic 
acid deiivanve of the fomiuia 



D-O-P 



OH 



R. 



wherein D-O- and R, are as defined in Claim 2, widi cesium fluoride or 
an equivalent cesium salt and a compound of the formula 



R,io-CH-I 
I 



wherein and R, are as defined in Claim 2, in an organic solvent 
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